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dedication. 


To  HENRT  CLINE,  Efq. 

LECTURER  ON  ANATOMY,  AND  SURGEON 

to  st.  thomas’s  hospital. 


Dear  Sir, 

That  diftinguifhed  eminence  you  have 
fo  defervedly  attained  in  the  medical  world, 
and  that  gratitude  you  might  fo  juftly 
claim  from  all  your  pupils,  particularly 
from  one  who  is  indebted  for  his  chirur- 
gical  and  phyfiological  knowledge,  not 
only  to  your  public  but  private  in- 
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ftruChons ; would  alone  prove  fufficient 
inducements  for  me  to  addrefs  thefe  firft- 
fruits  of  my  profeflional  ftudies  to  you. 

But,  however  powerful  thefe  motives, 
allow  me  to  add,  there  is  another  yet  more 
cogent,  and  which  flows  more  imme- 
diately  from  the  heart — 

That  friendfhip  with  which  you  ho- 
noured me  while  refident  under  your  roof, 
and  which  you  have  kindly  continued 
fince  I quitted  that  hofpitable  manfion,  to 
enter  the  bufy  fcenes  of  life,  will  for 
ever  live  in  my  recollection,  and  awake 
the  moft  grateful  emotions  of  a feeling 
mind. 

Permit  me  then  to  hope  you  will  re- 
ceive this  Dedication  as  a fmall  but  fin- 
cere  teflimony  of  that  fenfe  I entertain  of 

your 
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your  efteem  ; to  merit  and  to  enjoy  which, 
to  the  lateft  period  of  my  exiftence,  is  the 
hisheft  ambition  of, 

O 

i 

Dear  Sir, 

your  much  obliged 

and  mold  humble  fervant, 

EDWARD  COLEMAN. 


Veterinary  College. 
April  20,  1802. 
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O F all  the  exertions  of  human  fkill, 

f ‘ 

there  is,  perhaps,  none  which  affords 
more  folid  and  lading  gratification,  than 
the  reftoring  to  life  thofe  who  are  ap- 
parently dead ; none,  furely,  more  emi- 
nently fhews  the  dignity  and  fruitfulnefs 
of  Phiiofophy,  or  more  clearly  evinces  the 
benefits  that  may  be  derived  from  the  well- 
directed  efforts  of  human  underftandinsr. 

O 

This  art  (if  fuch  it  might  be  called  in 
fo  rude  a condition)  was,  in  former  ages, 
guided  chiefly  by  blind  prejudice  ; the 
knowledge  of  the  animal  oeconomy,  and 
of  life,  was  not  fufficiently  extended,  to 
afford  maxims  of  any  value  to  the  prac- 
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titioner ; and  the  caufes  of  death  were  too 
incorrectly  marked,  to  fhew,  with  any  de- 
gree of  precifion,  the  means  of  recovery. 

Accidental  recoveries  had,  indeed,  Ihewn 
that  it  was  practicable ; but  Phyfiological 
fcience  was  unable  to  explain  or  prefcribe 
the  mode.  It  was  referved  for  the 
eighteenth  century,  to  exhibit,  on  a large 
fcale,  any  practical  l'pecimens  of  this  mode 
of  benevolence,  and  to  approach,  in  fome 
refpeCt,  to  the  fcientific  folution  of  thofe 
principles  by  which  it  mult  be  guided. 
Many  focieties  were  formed  on  the  conti- 
nent of  Europe,  for  the  purpofe  of  pro- 
moting this  kind  of  knowledge  ; and  their 
reports  afforded  the  molt  mortifying  reply  to. 
thofe  who  had  declaimed  with  fuch  triumph 
on  the  vanity  of  natural  fcience,  and  the 

impotence  of  human  art.  Their  multiplied 

✓ 

fucceffes,  in  fo  untried  a path,  awakened  a 

general 
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general  ardour  on  this  fubjedt,  which  was 
not  a little  foftered  by  a cotemporary  im- 
provement in  natural  knowledge : I allude  to 
the  philofophy  of  elaftic  fluids,  which  has, 
during  the  laft  part  of  the  prefent  century, 
received  fuch  incredible  acceffions.  The 

t — 

dodlrine  of  airs  was  fo  intimately  connected 
with  the  fubject  of  refpiration,  that  it  could 
not  fail  to  fix  the  attention  of  Philofophers 
on  thofe  cafes  where  its  fudden  fufpenfion 
was  the  caufe  of  death.  It  were  fuper- 
fluous  to  enumerate  the  various  theories 
offered  by  the  Chymifts  and  Fhyfiologifrs 
of  this  recent  period.  Suffice  it  to  remark, 
that  the  Humane  Society  of  London 
deemed  the  fubjedt  fo  perplexed  with  dis- 
cordant theories,  and  fo  fufceptible  of 
farther  experimental  elucidation,  that  they 
publifhed,  in  1787,  a queftion  on  the 
nature  of  the  difeafes  produced  by  fubmerJio?i , 
[ujpenfon , and  noxious  airs.  Two  differ- 

B 2 tations, 
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tations,  of  peculiar  merit,  they  honoured 
with  prizes:  thofe  of  Dr.  Goodwin  and 
Mr.  Kite.  The  fame  enlightened  and  be- 
nevolent body  purfued  this  inquiry,  by 
propofing  a queftion — “ Whether  Kinetics , 
ii  Vencfehhon,  or  Klediricity , he  proper  in 
11  fufpended  Animation , and  under  what 
“ Circumjflances 

i 

• % 

To  this  queftion,  I am  about,  in  the 
following  Diflertation,  to  attempt  an  an- 
fwer.  It  may  be  thought,  that,  as  this 
queftion  is  purely  praElical , any  invefti- 
gation  of  the  proximate  caufe  of  the 
malady  is  fuperfluous  and  impel  tiuent, 
and  that  our  views  ought  to  be  limited 
to  the  remedies  employed  in  its  cuie  ; 01 
it  may,  perhaps,  be  fuppoled,  that  fuch 
inquiry  is  precluded  by  the  fuccefsful  la- 
bours of  Dr.  Goodwyn  and  Mr.  Kite : 

but  reafon,  which  forbids  us  to  abandon 

any 
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any  thing  fo  important  to  blind  em- 
piricifm  ; the  example  of  thefe  Gentlemen, 
who  had  from  their  pathology  deduced 
their  cure,  and  the  repugnance  of  their 
inferences  to  each  other,  which  counte- 
nanced a doubt  refpeding  the  accuracy 
of  either, — feemed  to  prove  the  neceffity 
of  reinveftigating,  by  experiment,  the  na- 
ture and  caufes  of  the  difeafe,  previous 
to  the  delineation  of  any  plan  of  cure. 
One  of  thefe  Gentlemen  attributes  death 
in  thefe  cafes  to  the  quality  of  the  blood 
in  the  left  fide  of  the  heart,  which  has  not 
received  from  the  air,  that  ftimulant  power 
which  fupports  the  adion  of  that  organ. 
The  other  attributes  it  to  apoplexy.  I 
was  induced,  fince  the  appearance  of  thefe 
effays,  to  attempt  a feries  of  experiments 
on  the  fubjed,  which  perhaps  I fhould 
not  have  cultivated  with  fo  much  ardour, 
had  I not  been  animated  by  the  example 

B 3 of 
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of  Mr,  Kite,  from  whom  I received  the 
rudiments  of  my  medical  education,  and 
for  whom,  in  combating  his  opinions,  I 
truft  I fhall  not  be  deficient  in  that  refpeCt 
which  his  talents  demand.  Theie  experi- 
ments prefented  refults  which  contradicted, 
m many  important  particulars,  received 
opinions ; but  I fhould  not,  at  fo  early 
a period  of  my  life,  have  prefumed  to 
offer  them  to  the  public,  had  I not  been 
emboldened  by  the  approbation  of  the 
Medical  Society  of  London,  who  voted 
me  the  Humane  Society’s  Medal. 

Dr.  Goodvvyn  has  juftly  and  ingenioufly 
remarked,  that  the  exprefiion,  “ Sufpended 
“ Animation,”  is  objectionable.  Refpira- 
tion  and  circulation  may  be  fufpended ; 
but  the  principle  of  life,  or  the  fufceptibility 
of  aCtion,  which  is  -the  fource  of  thefe 
functions,  may  ftili  remain.  Life,  there- 
6 fore, 
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fore,  can  with  no  propriety  be  faid  to  be 
fufpended,  when  the  vital  principle  is 
prelent.  The  animal  mull:  either  retain 
the  principle  of  life,  or  be  abfolutely  and 
irrecoverably  dead.  There  is  no  inter- 
mediate Rate  between  life  and  death.  The 
diRindtion  between  the  adtions  and  powers 
of  life,  which,  with  fo  many  other  ad- 
mirable obfervations  in  Phyfiology,  we 
owe  to  the  ingenious  Mr.  Hunter, 
clearly  illulirates  the  impropriety  of  the 
language  to  which  we  objedt.  He  has 
proved  that  in  many  cafes,  thefe  powers 
remain  when  the  adtions  are  fufpended. 
The  prefence  of  thefe  powers  alone  con- 
Ritutes  life,  and  forms  the  foie  diRindtion 
between  inanimate  and  animated  matter. 
When  they  ceafe  to  be  prefent,  life  is 
not  fufpended ' but  deflroyed.  In  Read  there- 
fore of  employing  the  term  Sufpended 
Animation,  we  Riall  adopt  that  of fufpended 
B 4 refpiration , 
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rejpiration , which  only  fimply  expreffes  a 
fad,  and  is  equally  applicable  to  thofe  cafes 

s 

which  terminate  in  death,  as  to  thofe  of 
which  the  event  is  favourable. 

The  neceffity  of  infliding  a painful 
death  on  fo  many  animals  will  ever  be 
felt  by  minds  of  fenfibility,  as  a cruel 
alloy  to  the  pleafure  of  Phyfiological  re- 
fearch.  By  no  other  mode,  however,  than 
that  of  experiments  on  living  animal?,  can 
any  important  advance  be  made  in  this  ful> 
jed.  Such  experiments,  in  a queftion  of 
mere  curiofity,  are  certainly  indefenfible  ; 
but  where,  as  in  the  prefent  cafe,  the  ad- 
vancement of  truth  confpires  with  the 
interefh  of  humanity,  we  mult  impofe 
filence  for  a w’hile  on  the  remonftrances  of 
fenfibility. 

t 

In  the  condud  of  the  experiments 

which 
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which  form  the  bafis  of  the  following  dif- 
fertation  the  moft  folicitous  accuracy  has 
been  every  where  ftudioufly  fought. 

To  thofe  who  are  in  the  habits  of  Phy- 
fiological  experiment,  nothing  is  more  fa- 
miliar than  the  perplexing  variety  and  re- 
pugnance of  their  refults;  two  experiments, 
though  made  in  the  fame  manner  on  the 
fame  order  of  animals,  will  rarely  in  every 
particular  agree  ; for  it  is  not  only  true, 
that  different  fpecies  of  animals,  but  that 
different  individuals  of  the  fame  fpecies, 
poffefs  various  degrees  of  irritability.  In 
fome,  irritability  may  be  excited  for  feveral 
hours  after  apparent  death,  others  lofe 
it  in  lefs  than  one.  The  caufe,  however, 
of  thefe  variations,  where  they  have  been 
in  any  refpedl  confiderable,  we  have  gene- 
rally difcovered  to  be  fome  accidental  and 
extrinfic  circumfiance,  and  by  multiplying 

and 
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and  varying  experiment,  we  have  attempt- 
ed to  difcriminate  between  what  is  made 
the  foundation  of  general  principles,  and 
what  is  the  effed  of  peculiar  and  fortuitous 
circumflances.  But  the  enthufiafm  which 
we  acquire  in  the  purfuit  of  a favourite 
refearch,  and  our  anxiety  to  fupport  a che- 
rifhed  opinion,  ought  ever  to  make  the 
experimental  inquirer  diffident  of  the  cor- 
rednefs  and  impartiality  of  his  own  views* 
A bias  unconfcioufly  taints  his  judgment, 
againfl  which  the  only  remedy  is,  the 
vigilant  eye  of  acute  and  intelligent  friends* 
who  feel  more  anxiety  for  his  reputation, 
than  tendernefs  for  his  prejudices ; and  who 
have  no  motives  either  to  make  tortured  in- 
ferences, or  to  hide  unfavourable  refults. 

The  fame  good  fortune  that  has  bleffed 
my  private  life  with  the  friendfhip  of  fuch 
men,  I have  alfo  eminently  felt  in  my 

fcientific 
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fcientific  purfuits.  Their  acutenefs  has 
refcued  me  from  my  prejudices ; and  their 
aid  has  given  me  a confidence  in  the  cor- 
reCtnefs  of  the  experiments,  which  diftruft 
in  my  own  individual  fkill  would  other- 
wife  never  have  permitted  me  to  entertain* 
I have  to  mention  with  particular  gratitude, 
Mr.  Adley  Cooper,  whofe  anatomical  and 
phyfiological  knowledge  needs  no  com- 
ment ; and  Mr.  Keir,  a gentleman  of 
diftinguifhed  ingenuity,  who  favoured  me 
with  his  occasional  afliftance.  And  it  af- 
fords me  no  fmall  gratification,  that  my 
much  refpe£tcd  friend,  Dr.  Haighton, 
Teacher  of  Pbyfiology,  in  the  Borough, 
has  made  many  experiments  which  cor- 
roborate moft  of  the  opinions  here  ad- 
vanced. 

Though  fubmerfion  be  the  mod;  fre- 
quent, it  is  by  no  means  the  only  cafe  of 

apparent 
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apparent  death  worthy  the  inquiry  of  the 
Phyfiologift,  or  the  attention  of  the  medical 
pradtitioner.  Nor  is  the  benevolent  zeal 
of  the  Humane  Society  confined  to  it 
alone;  as  every  cafe  of  apparent  death, 
arifing  from  a fudden  fwfpen'fion  of  re*- 
fpiration,  partakes  equally  of  its  bounty  ; 
and  indeed,  agreeable  to  this  extenfive  view 
of  the  fubject,  the  queftion  before  us  is 
propofed. 

The  fufpenfion  of  vital  aftion  from 

Orangulation  and  noxious  aits  exhibits 

phenomena  lo  nearly  fimilar,  and  requires 

a treatment  fo  ftriftly  congenial,  that  any 

inquiry  into  the  nature  of  fubmerfion 

would  be  narrow  and  impel  fedt,  unlefs 

illuftrated  by  the  inveftigation  of  thefe 

kindred  difeafes.  To  them,  therefore,  we 

have  thought  it  expedient  to  extend  oui 

refearches;  and  from  indudlions  lounded 

on 
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oil  a feries  of  experiments  and  obfervations 
on  thefe  different  modes  of  death,  we 
flatter  ourielves  with  the  hope  of  having 
eftablifhed  a general  do&rine  on  premiffs 
lefs  ambiguous  and  unftable,  than  thofe 
which  have  been  the  bafis  of  former 

i 

theories. 

t 

To  afcertain  plvaenomena  is  the  fir  ft 
duty  of  every  inquirer  into  nature.  We 
(hall,  therefore,  preface  any  inquiry  into 
the  nature  of  fufpended  breathing,  by 
the  Phyfiology  of  the  organs  which  are 
its  feat  ; thus  delineating  their  natural 
adlions,  before  we  examine  their  morbid 
condition.  The  Phyfiology  of  the  heart 
and  lungs  therefore  will  conftitute  our  fir  ft 
feclion. 

We  (hall  then  proceed  to  defcribe  the  * 

phenomena 
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phenomena  of  departing  life,  the  ap- 
pearances on  difledtion,  and  to  consider 
that  peculiar  condition  of  the  animal 
which  forms  the  proximate  cait/e  of  the 

difeafe. 

✓ 

The  remaining  part,  to  which  the  pre- 
ceding fedlions  are  but  preliminary,  will  be 
devoted  to  the  confideration  of  the  cure : 
and  in  order  to  inveftigate  more  at  length 
the  efficacy  of  thofe  means  which  have 
been  either  fuggefted  by  fpeculation,  or 
fandtioned  by  experience,  we  (hall  dedicate 
a fedtion  to  each  clafs ; by  which  we 
ffiall  be  enabled  to  form  a juft  eftimate 

i ' . * 

of  their  comparative  efficacy  and  import- 
ance. 

Emetics,  Venefedtion,  Electricity  alone 
or  combined  with  artificial  Refpiration, 

Warmth, 
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Warmth,  Fridtions,  and  Clyfters,  will  be 
fairly  examined  by  the  tefts  of  experiment 
and  of  reafon  ; and  our  laft  fedtion  will 
confift  of  conclufions  drawn  from  the 
whole. 
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Phyfiology  of  the  Heart  and  Lungs . 

Xt  is  by  no  means  my  defign  to  extend 
this  inveftigation  to  every  advantage  that 
refults  from  refpiration,  as  the  voice,  fmell, 
&c.  but  merely  to  take  a fuperficial  furvey 
of  thofe  fundfions  more  immediately  con- 
nected with  life. 

On  this  fubjedt  Dr.  Goodwyn  has  be- 
flowed  no  fmall  fhare  of  attention;  and 
though  the  refult  of  my  obfervations  does 
not  permit  me  to  yield  affent  to  many  ofhis 
opinions,  yet  the  refources  of  his  ingenuity 
and  perfpicuity  of  arrangement  muft  ever 
claim  admiration  and  applaufe. 

C 


But 


( iS  ) 

But  before  we  inquire  into  that  parti- 
cular connexion  which  fubfifts  between 
breathing  and  life,  our  firft  object  is  briefly 
to  confider  the  manner  in  which  refpiration 
is  performed  in  health. 

The  expanfion  of  the  thorax  in  ordinary 
infpiration  is  effected  by  the  intercoftal  and 
other  mufcles,  and  its  cavity  lengthened  by 
the  defcent  of  the  diaphragm ; but  in  labo- 
rious infpiration,  the  ferratus  major  ant icus, 
pector ales,  &c.  bear  a confiderable  part. 

4 

Expiration  is  faid  to  be  both  an  aftive  and 
paffive  procefs:  it  is  aOive  when  the  abdo- 
minal mufcles  comprefs  the  vifcera,and  draw 
the  ribs  downward  and  backward,  or  in 
quadrupeds  upward;  and  paffive,  from  fome 
of  the  mufcles  of  infpiration  at  this  time 

relaxing. 


The 
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The  lungs  themfelves  are  fomewhat 
elafiic;  but  are  paflive  in  refpiration.  They 
may  not  unfitly  be  compared  to  a pair  of 
bellow Sj  and  the  mufcles  of  refpiration  to 
the  power  that  works  them.  In  their  date 
of  expanfion,  or  when  the  mufcles  of  in- 
fpiration  ad,  the  cavity  of  the  chef!  is 
enlarged;  but  when  comprefTed,  by  the 
adion  of  the  mufcles  of  expiration,  the 
cavity  is  lefTened  and  the  air  expelled. 
Thus,  by  this  alternate  dilatation  and  con- 
tradion  of  the  thorax,  the  procefs  of  refpi- 
ration is  fupported. 

The  action  of  thefe  mufcles  in  a flate  of 
healtn  is  involuntary,  and  is  lefs  influenced 
by  the  will  than  mofl  of  the  other  mufcles  in 
the  body  : we  are  able,  however,  for  a fhort 
interval,  to  check  or  increafe  their  adion, 
but  that  it  fhould  not  be  wholly  fublervient 
to  the  will,  is  very  wifely  ordained  ; for 

C 2 otheFwife 
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otherwise  the  powers  of  ie.fpira.tion.  muft 
ceafe  whenever  the  fenfes  are  fufpended  by 
deep  or  infanity. 

It  has  been  generally  fuppofed  that  one 
of  the  natural  fusions  annexed  to  the 
lungs  was  that  of  shifting,  by  their  alternate 
dilatation  and  contraction,  in  propelling  the 
blood  from  the  right  to  the  left  fide  of  the 
heart ; but  in  health  they  feem  to  poffefs  no 
fuch  power;  for  if  circulation  depended  on 
their  mechanical  action,  fufpending  the 
breath  for  one  twentieth  part  of  a minute 
would  produce  a ceffation  of  the  heart  s 
motion,  and  the  heart  of  the  human  fubjefl 
would  then  have  but  one  puliation  to  one 
expiration,  whereas  in  health  we  have  four. 
Some  animals  have  fix  pulfations  to  one 
expiration;  the  horfe  inordinary  breathing 
has  only  two. 
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It  is  therefore  very  probable,  that  the 
pulfation  of  the  heart  is  not  governed  by  the 
a&ion  of  the  lungs  in  natural  refpiration  ; 
and  from  an  experiment  in  the  next  fe&ion 
it  will  appear  that  the  right  fide  of  the  heart, 
unaffifted  by  the  a&ion  of  the  lungs,  is  ca- 
pable of  fending  blood  to  the  left,  even  after 
the  refpiration  has  ceafed.  If  then  the 
heart,  in  a Hate  of  debility,  can  perform  this 
function  independent  of  the  lungs,  can  it  be 
fuppofed  unequal  to  it  in  the  vigour  of 
health  ? Groundlefs  therefore  is  the  fuppo- 
fition  that  attributes  this  office  to  the  lung's 
in  ordinary  refpiration. 

But  a fubjecl  more  delicate  and  abOrufe, 
a fubject  that  of  late  years  has  been  warmly 
and  ably  controverted,  now  claims  our  at- 
tention } I mean  the  alteration  induced  on 
the  blood  in  the  lungs;  the  caufe  911  which 
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this  alteration  depends  ; and  the  effect  it 
produces  on  the  animal  ceconomy. 

* . f 

To  inveftigate  the  peculiar  change  which 
the  air  may  undergo  in  the  lungs,  is  not  of 
much  confequence  to  our  prefent  inquiry; 
but  before  we  can  obtain  any  knowledge  of 
the  proximate  caufe  of  death  in  fufpended 
refpiration,  it  is  abiolutely  neceflary  to  trace 
and  afcertain  the  effedts  produced  by  the  air 
on  the  blood. 

VFe  are  inclined  to  the  opinion  of  the  late 
celebrated  Dr.  Crawford,  that  a principal 
advantage  derived  from  refpiration  is  animal 
heat ; that  when  the  blood  returns  from  all 
parts  of  the  body  to  the  lungs,  it  has  loft  a 
quantity  of  its  latent  heat*,  and  imbibed 

fome 

# According  to  Locke’s  definition,  heat  is  a fenfible 
quality;  and  if  this  definition  be  admitted,  then,  properly 
fpeaking,  there  can  be  no  fuch  thing  as  latent  heat,  as 
f ' that 
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iome  noxious  quality;  that  in  the  lungs  it 
meets  with  atmofpheric  air,  containing  a por- 
tion of  oxygene,  which  is  known  to  poffefs 
heat  in  a latent  form ; that  it  abforbs  part  of 
this  heat,  and  at  the  fame  time  imparts  to 
the  air  which  remains  its  impurity. 

That  the  blood  having  thus  robbed  the  air 

contained  in  the  lungs  of  a portion  of  its  la- 
tent heat,  and  rendered  that  which  remained 

fenfibly  warm,  the  air  is  expelled,  and  frefh 
air  taken  in  to  undergo  a firnilar  procefs. 

Dr.  Crawford,  in  the  courfe  of  his  expe- 
riments, had  occafon  to  obferve  that  animals 
immerfed  in  a warm,  did  not  fo  foon  con- 

that  muft  ceafe  to  be  heat  when  once  it  becomes  infen- 
fible ; but  as  the  term  appears  to  convey  the  idea  we 
wifh,  that  of  a principle  or  quality  exifling  in  a body 
which  cannot  be  meafared,  but  under  certain  circum  - 
fiances  can  produce  fenfible  heat,  we  have  preferred  it 
to  others. 
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fume  a given  quantity  of  oxygene  as  thofe 
immerfed  in  a cold  medium:  nor  is  the  rea- 
fon  inevident;  for  when  the  blood  arrived  at 
the  lungs,  it  had  not  loft  fo  much  of  its  tem- 
perature, confequently  did  not  require  to  rob 
the  air  of  fo  much  of  its  purity;  whereas,  in 
the  other  cafe,  the  animals  being  immerfed 
in  the  cold  medium,  were  obliged  to  gene- 
rate more  heat:  but  to  effed  this,  they  muft 
abforb  a greater  quantity  of  oxygene  than 
thofe  in  the  warm  medium.  It  is  alfo  ob- 
ferved,  by  the  fame  author,  that  the  differ- 
ence between  the  colour  of  the  venous  and 
arterial  blood  was  diminifhed  by  expofing 
animals  to  heat,  and  increafed  by  expofing; 
them  to  cold. 

The  objed  of  thefe  experiments  was  to 
prove,  that  in  proportion  as  the  atmofphere 
is  cold,  more  or  lefs  fire  is  abforbed  from 

the  air,‘  to  keep  up  an  equilibrium  of  heat; 

and 
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and  it  is  remarkable  that  the  animal  in  the 
warm  medium  died  firft,  notwithftanding 
the  blood  was  florid,  and  the  furrounding  air 
more  pure  than  that  which  the  animal 
breathed  when  in  the  cold  medium. 

The  one  dying  fooner  than  the  other 
probably  depended  on  debility ; that  the  one 
in  the  warm  medium,  from  being  obliged  to 
generate  cold,  or  more  properly  refijl  heat , 
was  rendered  weaker  than  the  other,  from 
this  procefs  being  more  expenfive  to  the 
fyftem  than  generating  heat ; for  there 
appears  fuch  a tonic  power  in  cold,  that  an 

animal  will  allow  of  its  natural  heat  being 

* 

dim.inifhed  feveral  decrees  without  inconve- 
nience?  but  cannot  fuffer  its  fenfible  heat 
to  be  increafed  more  than  fix  degrees  at 
mod  of  Fahrenheit,  without  death  taking 
place.  Hence  it  would  feem  that  although 
the  fluids  of  the  one  contained  more  of  the 

flimulating 
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Simulating  quality  than  the  other,  yet 
from  the  folids  not  being  fo  fufceptible  of 
a&ion,  life  could  not  continue  fo  long:  and 
it  appears  probable,  that  if  the  animal  in  the 
cold  medium  could  have  exchanged  its 
blood  with  that  in  the  warm  one,  the  dif- 
ference in  the  duration  of  life  would  have 
been  Sill  greater. 

The  objections  adduced  againft  Dr. 
Crawford’s  truly  ingenious  theory  feem  to 
polTefs  but  little  weight.  It  is  urged  by 
fome,  that  if  breathing  be  the  fource  of 
animal  heat,  how  can  it  happen  that  the 
inhabitants  of  the  northern  climates  breathe 
no  quicker  than  thofe  of  the  fouthern  j and 
yet  nearly  the  fame  degree  of  animal  heat 
is  prefent  in  both?  The  reafon  appears 
obvious;  there  is  always  exifting  in  the 
atmofphere  a much  greater  proportion  of 
oxygene  than  is  confumed  by  any  animal 

in 
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in  one  infpiration ; fo  that  thofe  in  the 
colder  climates,  although  they  breathe  no 
quicker,  nor  take  in  a larger  volume  of  air, 
yet  they  rob  that  air  of  more  of  its  latent 
fire. 

The  cold  atmofphere,  bulk  for  bulk, 
muft  be  fpecifically  heavier  than  the  warm, 
and,  weight  for  weight,  the  bulk  will  be 
lefs;  fo  that  any  given  quantity  of  air,  in 
proportion  as  the  temperature  is  diminiftied, 
its  volume  muft  decreafe;  and  vice  verfa. 
Hence  in  a cold  atmofphere,  although  the 
volume  of  air  taken  in  at  each  infpiration 
be  the  fame,  yet  in  that  volume  a greater 
number  of  particles  of  air  are  received  into 
the  lungs;  and  it  alfo  feems  probable,  that, 
weight  for  weight,  this  atmofphere  ftiould 
contain  more  oxygene  than  the  warmer, 
fince  it  is  generally  allowed  that  in  propor- 
tion as  its  warmth  is  increafed,  it  becomes  a 

better 
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better  menftruum  for  foreign  matter  of  all 
kinds. 

Dr.  Crawford  fuppofed  that  heat  is  given 
out  in  the  capillaries  only;  but  there  is 
reafon  to  believe  that  heat  is  alfo  evolved 
during  the  whole  of  the  circulation;  for  in 
amputating  a limb,  where  the  tourniquet 
has  been  for  fome  time  applied,  the  firft 
blood  iffuing  from  an  artery  affumes  a ve- 
nous colour;  and  Mr.  Hunter  found,  from 
tying  up  the  carotid  artery  of  an  animal, 
that  the  blood  became  black ; from  which 
it  may  be  concluded  that  the  blood  is  capa- 
ble of  undergoing  the  fame  procefs  in  the 
larger  arteries  as  in  the  fmaller  veffels.  In 
ordinary  circulation,  however,  the  change 
muff  be  lefs  in  degree,  from  the  circulation 
being  here  quicker,  and  a greater  quantity 
of  blood  being  in  contact  with  fewer  folids. 
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It  Teems  alfo  more  than  probable  that  the 
blood  ftill  retains  a quantity  of  fire  in  a latent 
form  after  it  has  pafled  through  the  capil- 
laries and  entered  the  veins ; for,  on  apply- 
ing preflure  to  a vein  in  common  bleeding, 
the  longer  a ligature  is  applied  the  darker 
the  blood  becomes;  and  at  the  conclufion 
of  the  operation  its  colour  affumes  nearly  a 
florid  hue;  which  corroborates  the  opinion 
that  it  may  poflefs  a confiderable  portion  of 
the  latent  principle  after  it  has  entered  the 
veins;  and  that  this  blood  is  capable  of  con- 
tinuing the  fame  precefs,  fo  long  as  it  con- 
tains any  heat  to  evolve.  In  fever,  the  ve- 
nous blood  is  fometimes  nearly  florid  ; and 
Dr.  Crawford  found  that  when  animals 
were  immerfed  in  a warm  medium,  the 
blood  pafled  through  the  capillaries  without 
undergoing  the  ulual  change:  both  which 
circumflances  tend  to  prove,  that  the  blood 
contains  more  or  lefs  of  that  principle  ab~ 

for  bed 
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forbed  in  the  lungs  after  it  has  entered  the 
veins;  indeed,  the  circulation  in  hfhes  ap- 
pears to  decide  the  quedion,  for  the  heart  of 
thefe  animals  is  a lingle  one,  confiding  of 
one  auricle  and  one  ventricle,  both  of  which 
contrad  from  the  dimulus  of  black  blood; 
and  as  the  blood  in  the  coronary  veflels  is  of 
the  fame  quality,  its  heat  and  nourifhment 
mud  be  kept  up  by  that  blood  only  which 
„ has  pa(Ted  through  the  capillaries. 

Hence  it  appears,  that  if  this  black 

blood  did  not  poffefs  a quantity  of  latent  fire, 

the  warmth  and  life  of  the  heart  could  not 

be  fupported:  notwithdanding,  therefore,- 

that  the  blood,  when  it  pafles  through  the 

capillaries,  evolves  the  greateft  part  of  its 

heat,  yet  there  dill  remains  a portion  of  it 

in  a latent  date  even  after  it  has  entered  the 

ricrht  fide  of  the  heart : and  however  incon- 
o 

fiderable  this  may  be,  yet 'if  it  is  equal  to 

the 


the  demand,  the  temperature  of  the  whole 
animal  muft  be  the  fame.  With  a view  to 
afcertain  the  comparative  temperature  of 
arterial  and  venous  blood  the  following 
experiment  was  made. 

EXPERIMENT. 

A Dog  was  hanged,  the  fternum  imme- 
diately removed,  and  the  lupgs  inflated 
until  the  blood  in  the  left  auricle  became 
florid. 

The  contractions  of  the  whole  heart  at 
this  time  were  powerful;  and  Mr.  Hunter’s 
thermometer  being  raifed  to  98°  was  intro- 
duced through  an  opening  in  the  pericar- 
dium, and  placed  on  the  right  fide;  the 
mercury  rofe  to  990  and  then  became  fla- 
tionary; it  was  removed  to  the  left,  and  the 
6 temperature 
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temperature  was  the  fame ; but  on  making1 
an  aperture  into  the  left  auricle,  and  thruft- 
ing  the  bulb  down  to  the  ventricle,  the 
mercury  fell  to  970;  and  on  placing  it  in 
the  fame  manner  within  the  right  ventricle, 
it  rofe  above  98°. 

From  frequent  repetitions  of  this  experi- 
ment it  uniformly  refulted  that,  although 
the  temperature  of  both  fides  of  the  heart 
externally  was  equal,  yet  the  heat  of  the 
blood  in  the  right  fide  exceeded  that  of  the 
left,  from  one  to  two  degrees. 

This  obfervation  may  appear  rather 
Grange,  and  at  firft  feems  to  contradict  the 
opinion  that  refpiration  is  the  fource  of  ani- 
mal heat;  but  the  fa£t  can  be  readily  ex- 
plained; for  the  blood,  in  its  paflage  through 
the  lungs,  being  contained  in  velfels  that  are 
in  contad  with  air  fo  much  below  its  own 

temperature 
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temperature,  the  colder  body  muft  rob  the) 

i . . 

warmer  of  fo  much  fenfible  heat  as  is  ne- 
ceflary  to  make  them  nearly  equal ; and  the 
temperature  of  the  fubftance  of  the  left  au- 
ricle and  ventricle  is  kept  up  above  that  of 
its  contents,  and  equal  to  that  of  the  right 
fide  from  the  heat  evolved  by  the  blood  in 
the  coronary  veftels;  but  as  the  fenfible 
heat  of  the  blood  in  its  paflfage  through  the 
lungs  is  only  (lightly  diminifhed,  its  latent 
heat  muft  be  confiderably  increafed.  In- 
deed when  it  is  confidered  that  the  blood 
veflels  in  their  paftage  through  the  lungs 
are  always  expofed  to  the  air  infpired,  and 
that  the  heat  of  this  air  is  often  increafed 
or  diminifhed  40°  of  Fahrenheit,  without 
altering  the  warmth  of  the  blood  even 
30,  can  there  be  a doubt  but  that  the 
blood  which  warms  the  air  muft  in 
the  lungs  receive  a frcjh  fupply  of  heat  ? 
If  the  pulmonary  veflels  were  diftended 
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with  water  (inffead  of  blood)  at  98*  of 
heat,  and  the  air  infpired  was  only  32*, 
the  contents  of  the  pulmonary  veins  and 
left  auricle  would  be  much  below  98°, 
whereas  the  temperature  of  this  blood,  whe- 
ther the  air  be  warm  or  cold,  is  generally 
uniform.  The  atmofphere  at  7 20,  or  at  32% 
would  make  a mod  material  difference  on 
water  at  98%  or  any  other  fluid  but  living 
blood.  Hence  it  follows,  that  while  the 
blood  in  the  lungs  is  parting  with  its  fenfi- 
ble  heat  to  the  air,  it  is  abforbing,  in  a 
concealed  form,  latent  fire. 

It  has  moreover  been  found  that  when 
the  change  has  taken  place,  the  blood  in 
the  left  fide  of  the  heart  retains  its  heat 
longer  than  that  in  the  right,  though  at 
firfl:  its  temperature  be  fomewhat  infe- 
rior. 
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To  eftablifh  the  fa£t  the  following  expe- 
riment was  made. 

^ *•-  % 

EXPERIMENT. 

A cat  was  ftrangled,  the  cheft  immedi- 
ately opened,  and  the  lungs  inflated,  when 
the  blood  in  the  left  fide  of  the  heart  be- 
came florid  ; an  aperture  was  then  made 
in  the  pericardium,  and  the  mercury  of 
a thermometer  being  raifed  to  99%  the 
temperature  both  of  the  right  and  left 
fides  of  the  heart  was  exa&Jy  98°:  on  open- 
ing the  left  and  introducing  the  thermome- 
ter, as  in  the  laft  experiment,  it  fell  below 
970;  but  on  examining  the  right  internally, 
it  rofe  to  near  990. 

So  far  does  this  experiment  agree  with 
our  laft  ; but  the  temperature  of  the  blood 
was  re-examined  fifteen  minutes  after,  and 
^ 2 iuflead 
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inftead  of  the  right  poflefling  two  degrees 
of  heat  more  than  the  left,  it  was  found, 
on  the  contrary,  that  the  right  had  four 
degrees  lefs  than  the  left. 

This  experiment  has  been  repeated  by 
Mr.  Aftley  Cooper,  and  in  different  ways, 
but  the  refult  has  been  invariably  the  fame; 
that  although  the  venous  blood  was  fuperioi 
in  temperature  at  firft,  yet  before  coagula- 
tion was  complete,  the  arterial  became  from 
three  to  fix  degrees  warmer ; this,  or  nothing, 
affords  a proof,  that  heat  is  received  by 
the  blood  from  breathing ; for  if  that  blood 
which  has  paffed  through  the  lungs,  is  at 
firft  inferior  in  temperature,  and  foon  after 
becomes  fuperior ; from  what  can  this  vari- 
ation arife  but  the  heat,  received  from  the 
air  in  a latent  form,  and  evolved  in  a fenfi- 
ble  one  ? 
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We  fcarcely  know  of  any  animal,  on 
vvhofe blood  the  air  does  not,  either  direftly 
or  indirectly,  induce  fome  change  ; and  the 
great  object  of  this  change  appears  to  be  the 
fupport  of  animal  heat  ;•  and  from  the  heat 
evolved  the  irritability  * of  the  animal  is 
fupported. 

There  are  animals  whofe  atmofphere  is 
equal  to  their  own  heat ; and  it  has  been 
the  opinion  of  fome  phyfiolcgilts  that  in 
thefe  inftances  their  animal  warmth  is  fup- 
ported by  the  furrounding  medium.  If  this 
be  ever  the  cafe,  it  probably  is  in  afcarides, 
and  other  animals  of  the  fame  fpecies,  where 
the  temperature  of  their  medium  fcarcely 
ever  varies;  but  I (hould  much  doubt  if  th  is 
be  the  ceconomy  of  any  animal  which  is 
placed  in  an  element  fubjeCt  to  alterations  of 

* The  term  irritability  is  here  employed  to  exprefs 
nothing  more  than  a fufceptibility  of  option. 
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temperature.  Nature  has  very  wifely  or- 
dained that  animals  fhould  polfefs  a power 
of  retaining  nearly  an  equal  temperature  for 
a time,  whether  they  be  expofed  to  excefs 
of  heat  or  cold;  which  feems  to  fhew  that 
their  heat  cannot  be  communicated  by  ex- 
ternal temperature;  indeed,  if  animals  had 
not  a fource  of  heat  within  themfelves,  and 
yet  placed  in  an  element  liable  to  variation, 
life  could  not  be  fuftained. 

It  requires  no  great  ftrength  of  argument 
to  prove  that  animal  warmth  is  not  pro- 
duced by  the  flomach.  The  fimple  obfer- 
vations  that,  in  fevers,  when  the  fenfible 
heat  is  greatefl,  lefs  food  is  taken  into  the 
flomach  than  in  health,  and  that  the  infant, 
as  foon  as  refpiration  commences,  and  be- 
fore the  flomach  receives  any  nourifhment, 
is  not  lefs  warm  than  the  adult,  are  fuffi- 
ciently  convincing  that  the  flomach  is  not 

to 
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to  be  regarded  as  the  fource  of  animal 

c\  : \ 

heat. 

That  mere  diftention  is  the  ordinary  fti- 
mulus  that  excites  the  adtion  of  the  heart, 
is  the  opinion  embraced  by  fome  phyfiolo- 
gifts.  Nor  is  it  indeed  improbable  that  a 
certain  degree  of  diftention  produced  by 
blood  of  a due  temperature,  conftitutes  the. 
principal  power  which  {Simulates  the  heart 
to  contradt ; for  this  power  of  reaction, 
when  ftretched  beyond  a certain  tone, 
feems  a property  inherent  in  all  mufcular 
fibres. 

Nor  do  we  deny  that  the  heart,  when 
void  of  blood,  and  feparated  from  the  body, 
retains  this  adtion  ; but  this  is  not  peculiar 
to  the  heart  alone;  mufcles,  whole  natural 
adtions  depend  on  the  ftimulus  of  the  will, 
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poffefs  it  likewife,  though  in  an  inferior 
degree. 

That  the  different  Tides  of  the  heart  re- 
quire different  ftimuli,  and  that  there  is 
fomething  peculiar  in  florid  blood,  which 
alone  is  capable  of  exciting  the  left  fide  to 
action,  we  cannot  with  Dr.  Goodwyn 
admit. 

There  are  feveral  objections  that  militate 
againft  this  opinion.  Why  fliould  the  fame 
fibres,  nourifhed  by  the  fame  veffels,  fup- 
plied  with  nerves  from  the  fame  fource, 
and  performing  the  fame  functions,  be  excited 
to  aCtion  by  different  caufes  ? Some  of 
thefe  objections  the  DoCtor  is  aware  of,  and 
attempts  to  remove  them  by  obferving  that 
the  animal  machine  offers  inftances  where 
mufcles  of  fimilar  ftruCture  are  put  into 
aCtion  by  different  ftimuli ; but  this  is  not 

faying 
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faying  that  mufcles  performing  the  fame 
funSiions , a£t  from  diffimilar  caufes,  which 
it  is  neceffary  to  prove  before  any  analogy 
can  be  eftablifhed  to  favour  this  hypothecs. 

• "■  ' fi  - a ' y-.  . ' oni  in-  . j 

It  is  far  therefore  from  being  certain  that 
the  different  fides  of  the  heart  derive  their 
a&ion  from  different  ftimuli : and  let  us  but 
examine  the  foetal  circulation,  and  it  will 
appear  thaft  both  fides  of  the  heart  contract 
from  the  flimulus  of  blood  nearly  of  the 
fame  quality  ; that  this  blood  is  not  florid 
in  either ; for  even  in  the  umbilical  vein 
it  has  undergone  but  a very  imperfedt 
change*,  if  compared  with  that  induced  on 
the  blood  which  paffes  through  the  lungs 
of  the  ^dult;  moreover,  that  the  greater 

* Wc  take  it  for  granted  that  the  old  opinion,  of  there 
exifting  an  adtual  circulation  between  the  blood  veffels 
of  the  mother  and  child,  is  now  exploded,  as  numerous 
experiments  have  been  made  to  prove  the  contrary. 

part 
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part  of  the  foetal  blood  arrives  at  the  heart 
without  palling  through  the  placenta  at 
each  circulation  : that  is,  the  blood  in  the 
heart  of  the  adult  will  receive  a complete 
change  in  the  lungs,  before  it  again  returns 
to  the  fame  place  ; whereas,  the  whole  of 
the  blood  in  the  foetal  heart  will  not  go  to 
the  placenta,  to  receive  the  alteration  at  each 
revolution  ; but  by  far  the  major  part  will 
be  fent  to  the  trunk,  the  head,  and  extremi- 
ties, and  be  returned  to  the  two  cava?,  with* 

• r • ^ 

out  ha  vine:  entered  the  umbilical  arteries. 

■ . i !’•'  f • 'A  ; : I 

The  blood  in  the  umbilical  arteries  is  fi- 
milar  to  that  in  the  trunk  of  the  pulmonary 
artery  of  the  adult  circulation;  that  is,  pol- 
fefles  but  a fmall  proportion  of  latent  heat ; 
whereas  that  of  the  mother  in  the  cells  of 
the  placenta  is  pure  arterial  blood.  In  the 
minute  branches  of  the  umbilical  arteries  a 

change  is  performed  ; but  only  lb  much 

latent. 
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heat  is  imparted  to  the  fetal,  by  the  mater- 

. \ 

nal  blood,  as  is  neceflary  to  re  (lore  the 
equilibrium  of  abfolute*  heat.  The  heat 
therefore  which  is  received  by  the  fetal 
blood  will  be  fmall,  in  comparifon  with  that 
imbibed  by  the  blood  of  the  adult  in  the  act 
of  refpiration  j as  only  that  quantity  of  heat 
can  be  imparted  from  the  maternal  to  the 
fetal  blood,  as  can  make  both  their  qualities 
With  refpedt  to  heat  equal. 

When  the  fetal  blood  has  undergone 
this  change,  it  is  returned  by  the  umbili- 
cal vein  ; and  part  of  it  will  pafs  through 
the  du&us  venofus  + into  the  inferior  cavae, 
and  mix  with  the  blood  brought  from  the 

* By  abfolute  heat,  we  mean  the  latent  and  fenfible 
heat  combined. 

f The  horfe  has  no  du'ftus  venofus ; the  blood  there- 
fore in  the  umbilical  vein  of  this  animal  muft  all  pafs 
through  the  liver. 


lower 
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lower  extremities ; but  a greater  part  will 
pafs  through  the  vena  portarum  to  go  to 
the  liver,  where  by  patting  through  capilla- 
ries, it  mutt;  a flume  the  venous  quality  be- 
fore it  arrives  at  the  right  auricle  ; it  then 
unites  with  the  blood  fent  from  the  lower 
extremities  and  trunk  of  the  body  in  the  in- 
ferior cavae,  and  on  entering  the  right  auri- 
cle it  mixes  with  the  ftream  of  blood  com- 
ing from  the  head  and  fuperior  extremities, 
none  of  which  has  been  to  the  placenta  to 
to  receive  the  change. 

The  right  auricle  propels  part  of  this 
blood  (which  mutt;  be  dark)  into  the  left, 
and  all  the  blood  that  pafTes  through  the  ca- 
pillaries in  the  lungs  alfo  enters  the  left,  io 
that  the  blood  which  produces  the  con- 
traction of  the  left  fide  of  the  foetal  heart 
muA  be  more  completely  venous  than  that 

of  the  right,  as  part  of  the  blood  in  the  left 

auricle. 
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auricle,  without  receiving  any  fupply  of 
heat,  has  paffed  through,  and  imparted  heat 
to  the  lungs. 

If  the  quantity  of  blood  conveyed  to  the 
placenta  by  the  umbilical  arteries,  be  com- 
pared with  that  fent  to  the  head,  fnperior 
and  inferior  extremities,  and  trunk,  it  will 
be  found  that  not  one  fifth  part  of  the  blood 
goes  to  the  placenta  at  each  revolution,  nor 
can  this  blood  receive  but  half  the  heat  the 
maternal  blood  contains  j moreover,  as  all 
the  blood  of  the  foetal  horfe  mud;  firfi:  pafs 
through  the  capillaries  of  the  liver  before  it 
arrives  at  the  heart  ; and  as  that  of  other 
animals  which  does  not  all  pafs  through 
capillaries  mixes  with  venous  blood,  it  is 
obvious  that  both  fides  of  the  foetal  heart 
contract  from  the  ftimulus  of  black  blood, 
and  that  the  blood  of  the  left  fide  muft  be 
blacker  than  that  of  the  right. 


From 
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From  the  blood  in  the  foet’us  receiving 

o 

a degree  of  change  lo  inconfiderable,  when 
compared  to  that  produced  in  the  adult  by 
the  fame  procefs,  a doubt  might  at  firft  arife 
whether  in  both  it  was  deftined  to  dccom- 

plifli  the  fame  end,  the  Support  of  animal 

\ 

heat,  and  from  thence  that  of  animal  irri- 
tability. But  the  foetal  circulation,  far  from 
invalidating,  countenances  the  opinion 
which  derives  animal  warmth  from  the  ad 
of  refpiration. 

« , • 

/ 

The  experiments  of  Or.  Crawford  have 
already  enabled  us  to  obferve  that  the  quan- 
tity of  heat  abforbed  in  breathing  is  propor- 
tional to  the  temperature  of  the  furrounding 
medium.  The  observation  holds  equally 
good  in  the  foetal  circulation  ; for  as  the  foe- 
tus is  Surrounded  by  the  liquor  amnii  and 
uterus  of  the  mother,  the  quantity  of  heat 
confumed  muft  be  extremely  fmall ; and 

the 
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the  temperature  being  uniform,  there  is  no 
occasion  for  more  being abforbed  than  is  ne- 
ceflary  to  fupply  the  confumption  of  foetal 
heat.  If  the  whole  of  the  foetal  blood 
went  to  the  placenta  at  each  revolution,  the 
heat  abforbed  would  exceed  the  demand,  and 
produce  mifehief ; for  the  power  of  refifiing 
heat  muft  then  be  called  forth  to  action  ; 
and  this  in  the  foetus  is  very  inconfider- 
able. 

On  the  adult,  nature  has  wifely  be- 
llowed two  powers  for  generating  cold  ; 
that  of  evaporation  from  the  furface  of  the 
body,  and  a power  independent  of  this  ; but 
the  foetus  can  only  poffefs  the  latter,  as  no 
evaporation  can  take  place  from  the  furface 
of  the  body ; and  as  the  foetus  is  deprived 
of  this  power,  and  as  the  temperature  of  its 
furrounding  medium,  the  liquor  amnii,  is  fo 
much  above  that  of  our  atmofphere,  if  an 

equal 
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equal  degree  of  heat  were  abforbed  in  the 
foetal,  as  in  the  adult  circulation,  the  animal 
mud:  perifli ; fince  the  ad  of  redding  heat 
for  a few  minutes  is  very  diftrefdng,  even 
where  the  additional  power  from  perforation 
isprefent,  to  counteract  itsdedrudive  accu- 
mulation. Admirable  therefore  is  the  pro- 
vidon  which  nature  has  made,  for  main- 
taining a proper  degree  of  heat,  both  in  the 
foetus  and  adult;  the  former  is  placed  in  a 
warm  medium  of  uniform  temperature, 
which  permits  but  little  heat  to  be  con- 
fumed,  and  the  circulation  is  fo  regulated  as 
only  to  allow  the  abforption  of  a fmall  and 
limited  quantity  of  heat ; fo  that  great  pow- 
ers for  refilling  heat  are  here  unneceflary. 

But  in  the  adult,  the  varying  and  change- 
able temperature  of  the  air  makes  it  necef- 
fary  that  more  or  lefs  heat  be  abforbed,  to 
correfpond  with  the  variation  to  which  it  is 
i expofed. 
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expofed.  We  are  therefore  immerfed  in 
an  atmofphere  fupplied  with  f efficient 
oxygene  to  anfwer  our  demand  ; and  by- 
evaporation,  from  perforation,  &c.  we  are 
enabled  to  refift  heat,  fo  as  to  prevent  its 
undue  and  deftrudtive  accumulation.  On 
the  other  hand,  from  the  warmer  medium 
which  encompaffes  the  foetus,  we  may  ga- 
ther the  reafon  why  a fmaller  portion  of 
heat  fhould  be  imbibed,  and  from  this  being 
limited \ why  it  ftands  in  no  need  of  evapo- 
ration for  the  generation  of  cold. 

Were  the  change  induced  on  the  blood 
during  circulation  intended  foie ly  as  a jiimu- 
lus  to  fup-port  the  aflion  of  the  left  fide  of  the 
hearty  as  maintained  by  Dr.  Goodwyn,  then 
fhould  the  alteration  produced  in  the  fetus 
be  equal  in  degree  to  that  produced  in  the 
adult ; but  that  this  is  not  the  fadt  we  have 
already,  and  we  hope  not  unfuccefsfully, 

E endeavoured 
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endeavoured  to  prove;  and  indeed  if  this  was 
the  intention  of  nature,  it  is  highly  impro- 
bable that  the  connexion  between  the  mother 
and  child  fhould  take  place  at  the  umbili- 
cus, where  a great  part  of  the  blood  which 
has  been  at  the  placenta  of  the  human  fub- 
jed,  and  the  whole  of  the  foetal  blood  of  the 
horfe  mud  firfi:  pafs  through  capillaries  be- 
fore it  enters  the  left  auricle,  and  where  its 
purity  in  the  right  fide  of  the  heart  muft  be 
fuperior  to  that  in  the  left.  We  might 
fooner  fuppofe  that  tne  umbilical  vein  would 
have  terminated  in  or  near  the  left  amide, 
to  fupply  it  with  blood  thus  duly  altered, 
than  that  the  blood  contained  in  the  left  fide 
of  the  heart  fhould  be  Jimilar  in  quality  to 
that  in  the  umbilical  arteries  which  goes 
to  receive  the  alteration  ; for,  in  the  foetal 
circulation,  the  vein  contains  blood  that  has 
abforbed  oxygene,  but  the  arteries  carry 
blood  that  is  going  to  receive  it. 


If 
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If  therefore  the  left  fide  of  the  foetal  heart 
and  the  whole  of  the  arterial  fyftem  poflefs 
no  ftimulus  but  that  of  black  blood;  if  the 
pulmonary  artery  in  the  adult  be  excited 
only  by  this  blood  ; if,  in  a word,  the  heart 
of  fifties  ad  on  no  other  blood;  is  it  not  ob- 
vious (at  leaft  as  far  as  indudion  and  ana- 
logies can  prove)  that  in  the  adult  alfo  ve- 
nous blood  can  excite  the  adion  of  the  left 
fide  of  the  heart,  and  consequently  that  the 
two  fides  of  the  heart  do  not  require  to  be 
Simulated  by  diffimilar  caufes  ? 

From  considering  that  one  fide  of  the 
heart  in  the  adult  circulation  contains 
black  blood,  and  the  other  florid  ; and  that 
in  fufpended  refpiration  the  left  fide  firft: 
ceafes  to  ad,  when  both  contain  black 
blood  ; Dr.  Goodwyn,  we  prefume,  was 
induced  to  conclude  that  venous  blood, 
which  Supports  the  adion  of  the  right  fide, 

E2 
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was  an  unfit  ftimulus  to  keep  up 
adtion  of  the  left. 

The  obfervations,  however,  we  have  ven- 
tured in  fupport  of  the  idea,  that  the  whole 
of  the  heart  owes  its  adtion  to  one  and  the 
fame  caufe,  oblige  us  to  withhold  our 
affent  from  that  of  Dr.  Goodwyn. 

We  have  already  obferved  that  whetAhe 
blood  arrives  at  the  right  fide  of  the  heart, 
it  has  loft  the  greater  part  of  its  latent  fire  : 
in  health  it  is  to  receive  a frefh  fupply,  and 
is  then  propelled  into  the  left  fide  of  the 
heart,  and  through  the  whole  of  the  circu- 
lating fyftem,  to  evolve  and  diftribute 

heat. 

In  confequence  of  this  procefs,  the  left 
fide  of  the  heart  and  coronary  veffels  are 
fupplied  with  blood,  which  diftribute  heat 
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and  nourifhment  to  the  whole  of  the  heart ; 
and  in  ordinary  circulation  it  is  probable 
that  the  heart  derives  its  heat  principally 
from  the  blood  in  the  coronary  veffels  ; but 
if  the  motion  of  the  circulating  fluid  be 
checked,  or  totally  fufpended,  then  would 
the  blood  in  the  cavities  of  the  heart 
continue  to  undergo  the  fame  procefs  ; at 
lead:  fo  long  as  it  pofTeffed  any  heat  in  a 
latent  form  : for  it  has  already  been  proved, 
that  if  blood  be  delayed  in  the  larger  ar- 
teries, it  is  known  to  affume  the  fame 
change  and  appearances  as  when  it  has  pall- 
ed through  capillaries.  The  blood  within 
the  coronary  veffels  not  only  fupplies  the 
left  fide  of  the  heart  with  heat,  but  alfo  the 
right;  and  although  the  blood  in  the  left 
fide  of  the  heart  may  contain  60  degrees  of 
latent  fire,  when  the  right  poffeffes  but 
fix  ; yet  if  tne  Jenjible  heat  evolved  be  only 

E 3 equal 
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equal  to  two,  their  temperatures  will  be 
the  lame. 

The  refult  of  multiplied  experiments 
authorizes  the  aflertion,  that  immediately 
after  the  aftion  of  the  left  fide  of  the  heart 
is  increafed  by  florid  blood,  the  right  alfo 
becomes  equally  affefted  ; nor  is  this  efFeft 
an  unnatural  or  unexpected  confequence  ; 
for  as  the  coronary  vefiels  foon  receive  this 
blood,  and  as  thefe  veffels  are  going  to  both 
Tides  of  the  heart,  the  heat  and  irritability  of 
both  muft  be  equally  increafed. 

One  of  the  ftimulating  powers  that  keeps 
up  the  aBion  of  the  heart,  we  have  already 
fuppofed  to  be  diftention;  but  this  muft 
ceafe  to  aft  as  a flimulus  whenever  the  qua- 

i 

lity  of  the  blood  becomes  incapable  of  fup- 
porting  the  irritability  of  the  heart,  by  im- 
parting to  it  a certain  proportion  of  heat. 

Dr. 
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Dr.  Cullen  imagined  that  the  heart’s 
continuing  to  a£t  after  breathing  had  ceafed 
arofe  from  habit ; but  were  that  the  cafe, 
why  fhould  the  a&ion  of  the  right  fide  of 
the  heart  outlive  that  of  the  left ; and  why 
fhould  not  this  influence  of  habit  extend 
equally  to  arteries  ? 

Inflating  the  lungs  foon  after  refpiration 
has  ceafed,  generally  increafes  the  a&ion  of 
the  heart.  This  in  the  firfi:  inftance  de- 
pends on  the  procefs  of  circulation  being 
forcibly  carried  on  and  aflifted  by  the  ne- 
ceflary  ftimulus  imparted  from  the  air  to 
the  blood  of  the  coronary  arteries,  which 
increafes  the  living  powers  of  the  heart 
and  renders  it  more  fuleptible  of  a&ion. 

♦ 

To  this  opinion,  of  the  action  of  the  heart 
proceeding  from  mechanical  ftimuli,  Dr. 
Goodwyn  oppofes  this  inference  : If  it  were 

E 4 fo, 
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fo,  fays  the  Doctor,  any  aerial  fluid  would 
be  then  equally  effectual.  But  this  is  not 
conclufive  ; for  it  is  agreed  on  all  Tides,  that 
a change  in  the  blood  is  neceflary  to  the  life 
and  uninterrupted  aCtion  of  the  heart : and 
although  the  introduction  of  noxious  air 
into  the  cavities  of  the  heart  may  prove  a 
flimulus  to  the  fibres  of  the  heart,  yet  if 
the  blood  ceafes  to  receive  the  change,  the 
irritability  of  the  heart  mull;  neceffarily  di- 
minifh.  That  it  is  not  to  be  afcribed  to 
any  change  immediately  induced  on  the 
blood  already  in  the  left  auricle  is  evident ; 
for  the  right  fide  of  the  heart  mull:  be  ex- 
cited to  aCtion  before  the  left  can  receive 
blood  that  has  undergone  the  change ; as  no 
alteration  can  be  given  to  the  blood  con- 
tained in  the  auricle. 

Dr.  Goodvvyn  is  of  a contrary  opinion  ; 
for  he  obferves,  “ that  the  contractions  of 
6 “ the 
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f<  the  left  auricle  and  ventricle  are  imrae- 
diatelv  effeded  by  the  quality  of  the 
“ blood  palling  into  them.” 

We  Ihall  endeavour  in  the  next  fedion 
to  demonftrate,  by  experiment,  that  no  al- 
teration can  be  produced  on  the  blood  in 

i 

the  trunks  of  the  pulmonary  veins  and  left 
auricle,  if  the  communication  be  cut  off 
from  the  right  fide  of  the  heart : and  it 
muff  be  manifeft,  that  if  the  blood  already 
in  the  left  auricle  could  receive  an  imme- 
diate change  from  the  air  in  the  lungs,  the 
right,  which  is  equally  in  contad  with 
them,  fhould  alfo  receive  it. 

» ' • 1 • 

That  the  right  fide  of  the  heart  conti- 
nues to  ad  after  the  left  has  ceafed,  is  a 
phenomenon  that  has  been  noticed  by 
many*  phyfiologifts ; but  few,  if  any, 

i 

have  attempted  to  unfold  its  caufe.  Indeed 

Dr. 
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Dr.  Goodwyn  appears  to  be  the  only  one 
who  has  ferioufly  endeavoured  to  explain 
its  rationale,  and  attempt  its  illuftration ; 
and  though  there  is  no  authority  to  which 
we  would  more  gladly  refer,  yet  we  can- 
not here  adopt  his  opinion,  that  the  left  au- 
ricle and  ventricle  firjl  ceafe  to  at 7,  from  the 
ineptitude  of  venous  blood  to  excite  their  con - 
traction  ; and  that  this  is  the  immediate  caufe 
that  fufpends  circulation  in  drowning,  &c. 

» 

But  in  order  to  explore  the  true  caufe 
of  this  phenomenon,  let  us  once  more 
recollect  that  the  blood,  when  it  arrives  at 
the  right  fide  of  the  heart,  has  loft  the 
greater  part  of  its  latent  heat ; that  in  health 
it  receives  this  fupply  in  the  lungs  ; but 
that,  in  fufpended refpiration , the  blood  paftes 
through  the  minute  ramifications  of  the 
pulmonary  artery  into  the  pulmonary  veins, 
without  receiving  this  neceflary  quality, 

and 
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and  inftead  of  abfarbing , muft  evolve  its 
heat. 

An  effential  difference  thus  takes  place 
between  the  blood  of  the  two  fides  of  the 
heart ; the  right  is  diftended  with  blood  that 
ftill  poffeffes  latent  fire  to  evolve  ; but  the 
left  has  little  blood  in  quantity,  and  that  little 
has  not  received  but  given  out  heat,  to  the 
whole  fubftance  of  the  lungs ; and  as  the 
blood  in  the  one  is  furnifhed  with  more 
heat  to  evolve  than  the  other,  and  as  the 
ftimulus  of  diftention  is  greateft  at  the  right 
fide,  the  adtion  of  the  one  is  continued 
when  no  effedt  is  produced  on  the  other. 

That,  in  ordinary  circulation,  both  fides 
of  the  heart  might  derive  their  heat  princi- 
pally from  the  blood  in  the  coronary  vef- 
fels,  has  already  been  remarked  ; but  as  this 
blood  in  fufpended  breathing  contains  little 
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or  no  latent  heat,  from  having  evolved  it  in 
the  lungs,  the  heart  mud  in  that  cafe 
imbibe  its  heat  from  the  blood  contained 
within  the  cavities ; and  that  this  procefs 
can  be  carried  on  in  them  we  have  already 
fhewn,  fo  long  at  lead  as  their  blood  pof- 
feffes  latent  heat  to  give  out,  and  while  the 
circulation  is  retarded  or  totally  dopt.  From 
which  we  conclude,  that  if  the  right  fide 
of  the  heart  in  this  difeafe  poffejfed  the  blood  of 
the  left , and  the  left  the  blood  of  the  right , the 
difference  of  irritability  would  be  reverfed. 

If,  however,  we  have  fucceeded  in  eda- 
bliffiing  as  fa£ts,  that  when  the  blood  ar- 
rives at  the  right  fide  of  the  heart  it  dill 
contains  a portion  of  heat  in  a latent  date ; 
that  this  blood  in  fufpended  breathing  con- 
tinues to  evolve  heat  in  a fenfible  form ; that 
the  inferior  degree  of  irritability  in  the  left 
fide  depends  on  the  effential  difference  in  the 

quality 
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quality  of  its  blood  from  that  of  the  right ; 
that  moreover  this  difference  in  quality  pro- 
ceeds from  that  of  the  left  having  been  rob- 
bed of  a quantity  of  its  heat  in  its  paffage 
through  the  capillaries  of  the  lungs  ; if,  I 
fay,  thefe  fadls  can  be  eftablifhed,  then  the 
temperature  both  of  the  right  fide  of  the 
heart,  and  its  contents,  fhould  be  greater 
than  that  of  the  left  in  this  difeafe. 

The  refult  of  the  two  laid  experiments 
vve  have  mentioned,  allowed  us  to  con- 
clude, that  both  fides  of  the  heart  externally 
are  of  the  fame  temperature  when  the  blood 
has  received  its  due  change  from  the  air, 
though  the  temperature  of  this  blood  thus 
altered  is  inferior  to  that  of  venous ; and 
though  the  warmth  of  the  blood  of  the  left 
fide  be  at  fir  ft  lower  in  degree,  yet  its  heat 
foon  after  becomes  predominant. 


The 
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The  next  experiment  was  made,  to  afcer- 
tain  the  temperature  of  the  two  fides  of  the 
heart,  and  their  contents ; where  no  change 
had  been  given  to  the  blood. 

Experiment. 

A Rabbit  was  ftrangled,  and  the  chetl 
being  opened,  a fmall  aperture  was  made 
in  the  pericardium,  and  a thermometer  of 
Fahrenheit’s  fcale  was  applied  to  the  right 
fide  of  the  heart.  The  mercury  rofe  to 
96°,  where  it  remained  ftationary  ; it  was 
then  removed  to  the  left,  where  it  fell  to 
94.0.  On  placing  it  within  the  cavity  of 
the  right  auricle,  the  mercury  again  rofe 
to  96°,  and  when  applied  in  the  fame 
manner  within  the  left,  it  fell  fomewhat 
below  940. 


This 


( 63  ) 

This  experiment  was  repeatedly  made  on 
animals  that  had  been  drowned  and  hanged, 
both  without  and  within  the  heart,  and 
there  occurred  a few  inftaiiees  where  there 
was  fcarcely  any  difference  in  the  tempera- 
ture of  the  two  fides  at  firjl ; but  in  all  the 
temperature,  both  of  the  heart  and  its  con- 
tents, was  predominant  in  the  right,  before 
the  left  fide  had  entirely  ceafed  to  act.  It 
therefore  appears,  that  the  blood  which 
paffes  through  the  lungs  into  the  left  fide 
of  the  heart,  without  receiving  from  the  air 
the  neceffary  change,  inftead  of  being  more 
tenacious  of  its  heat  than  the  right,  on  the 
contrary  lofes  it  fooner. 

Thus  we  fee  the  refult  of  experiment 
fanCtions  and  juftifies  the  predictions  of 
theory,  that  when  blood  pafles  from  the  right 
fide  of  the  heart  to  the  left,  without  having 
been  expofed  to  oxygene  to  abforb  its  heat, 

it 
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it  rauft  evolve  in  pafling  through  the 
capillaries  of  the  lungs  what  little  heat  the 
blood  contained  in  a latent  ftate : and  the 
left  fide  being  no  longer  fupplied  with  its 
due  nourifhment  and  warmth,  either  from 
the  blood  in  the  coronary  veflels,  or  from 
that  contained  in  its  own  cavities,  mufl:  have 
its  temperature  reduced,  its  irritability  de- 
creafed,  and  its  a&ion  gradually  fufpended, 
by  the  diminution  of  its  ftimulus  of  de- 
tention. 

But  far  different  is  the  condition  of  the 
right  fide ; for  although  the  blood  in  the 
coronary  vefTels  is  incapable  of  fupplying  it 
with  heat,  yet  the  blood  within  its  own  ca- 
vities contains  a quantity  in  a latent  form, 
which  it  continues  to  evolve;  thus  is  its 
irritability  fupported,  and  thus,  by  continued 
diftention,  is  its  action  kept  alive, 


Dr. 
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Dr.  Goodwyn  having  obferved'  that  in 
this  difeafe  all  the  cavities  of  the  heart  con- 
tain black  blood,  was  induced  to  conclude 
that  its  other  qualities  were  exadtly  fimilar; 
but  had  it  been  confidered  that  in  thefe  cir- 
cumftances  the  blood,  in  its  paflage  through 
the  lungs,  fuffers  a deprivation  of  its  re- 
maining heat,  without  the  acceftion  of  a 
new  fupply,  the  caufe  whence  originates 
the  difference  of  irritability  in  the  two  ftdes 
of  the  heart  would  have  no  longer  remained 
obfcure,  nor  would  the  Dodlor,  to  explain 
this  phenomenon,  have  been  reduced  to  the 
fuppofition  that  the  fame  mufcular  fibres 
were  excited  to  adtion  by  different  caufes, 
and  that  the  blood  of  the  fame  quality  that 
Simulated  the  right  fide  to  contradf,  was 
incapable  of  producing  the  fame  effedt  on 
the  left ; but  this  difference  would  have  been 
difcovered  to  arife  from  the  left  having  loft 

F a greater 
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a oreater  portion  of  its  heat,  and  the  ftimulus 
of  detention  being  diminifhed  beyond  that 
of  the  right. 

■ ; • If.rvo  - . • , ' 

The  advantages  derived  from  this  pro- 
perty of  the  right  fide  of  the  heart,  which 
fupports  its  action  after  that  of  the  left  is 
lufpended,  feem  to  have  efcaped  the  notice 
and  eluded  the  refearch  of  phyfiologifts,  yet 
no  provition  of  nature  more  defervedly 
claims  our  admiration  and  inquiry ; for  in 
no  department  of  the  annual  oeconomy  has 
Ihe  adopted  a wifer  precaution  for  the  pre- 
fervation  of  life,  than,  aftei  the  laft  ex- 
piration of  the  animal,  prolonging  to  the 
right  fide  of  the  heart  a ftimulus  and  power 
of  adtion  fupenor  to  that  of  the  leit. 

Let  us  but  fuppofe  the  reverfe,  that  the 

left  had  the  irritability  of  the  right,  and  the 

right 
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right  the  irritability  of  the  left;  as  it  is  found 
neceffary  to  the  effedting  a recovery,  that 
the  right  fhould  firft  contradt,  and  fupply 
the  lungs  with  blood  to  receive  a change 
from  the  air  in  order  to  excite. the  left  fide 

' > ? •-  'iii  f ».«J>  1 _j  I . j " * | j l ! • 7 ; 

of  the  heart  to  action;. the  right,  in  this  fup- 
pofition,  would  loon  be  incapable  of  perform- 
ing this  function  ; whereas,  from  the  right 
continuing  to  contradt  after  the  left  is  mo- 
tionlefs,  it  is  thus  capable  of  propelling  blood 
through  the  lungs  into  the  left  auricle, 
which  being  once  reftored  by  the  arrival  of 
duly  prepared  blood  (even  though  it  fhould 
have  ceafed  to  adt  from  the  Stimulus  of  its 
own)  is  enabled,  by  the  frefh  fupply  of  this 
flimulatiiig  quality,  to  revive,  and  the’adtion 
of  the  whole  heart  is  increafed  ; but  if  the 
irritability  of  the  left  fide  were  at  firft  pre- 
dominant, it  would  get  rid  of  its  own  blood, 
and  the  feeble  adtion  of  the  right  fide  be 
incapable  of  Applying  it  with  more. 

F 2 
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Thus  at  the  very  origin  of  the  circula- 
tion, where  the  frefh  ftimulus  is  laft  applied, 
Nature,  ever  wife  in  her  operations,  has 
prudently  placed  a fuperior  degree  of  irrita- 
bility; while  in  the  left,  where  the  irritabi- 
lity is  inferior,  the  increafe  of  ftimulus  is 
ftrft  received : nor  will  this  be  deemed  the 
refult  of  chance,  if  we  but  recal  an  obfer- 
vation  we  have  already  mentioned,  that  in 
the  foetal  circulation,  the  ftimulating  qua- 
lity of  the  blood  is  greater  in  the  right  fide 
of  the  heart  than  that  in  the  left,  and  that 

in  the  adult  it  is  reverfed. 

b.  c :■  ■ i 

But  although  the  blood  in  thefe  twoftates 
of  the  animal  poflefs  this  difference  of  fti- 
mulus in  the  different  fides  of  the  heart,  yet, 
if  an  injury  threaten  the  life  either  of  the 
foetus  or  of  the  adult,  the  right  fide  of  the 
heart  will  be  found  to  contain  blood  of  a 
ftimulating  quality  fuperior  to  that  of  the 

left, 
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left,  and  confequently  greater  irritability ; 
for  let  us  fuppofe  that,  at  the  time  of  birth, 
the  umbilical  chord  is  prevented  from  car- 
rying on  the  circulation  to  and  from  the 
placenta,  the  blood  that  runs  to  the  left 
heart,  from  its  being  obliged  previoufly  to 
pafs  through  the  capillaries  of  the  lungs,  is 
deprived  of  a portion  of  its  ftimulus  : and 
thus,  in  the  morbid  flate,  is  the  fame  pro- 
vifion  made  for  the  foetus  as  for  the  adult, 
though  their  natural  circulation  be  widely 
different. 

There  is  reafon  to  fufpedt  that  in  man 
there  does  not  exift  fo  muclq  irritability  as 
in  animals  of  more  Ample  conftrudtion  j for 
it  feems  that  in  the  more  perfect  or  compli- 
cated, as  man,  whofe  fentient  powers  are 
greateft,  the  vital  are  leaf!  ; and  we  believe 
this  will  hold  good  in  gradation  with  all  the 
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inferior  animals,  that,  in  proportion  as  the 
fentient  powers  abound \ the  vital  diminijh , 
and  vice  verfa. 

This  is  ftrikingly  exemplified  in  the  po- 
lypus, which  has  been  obferved  to  regene- 
rate into  as  many  different  polypi  3s  divided 
into  pieces;  and  thefe  animals  have  neither 

brain  or  fpinal  marrow. 

• * 

It  appears  therefore  not  improbable  to  be 
the  intention  of  the  great  Creator,  that 
thofe  animals,  whofe  powers  for  perceiving 
danger  are  lefs  acute,  fhould  be  capable  of 
receiving  greater  injuries  without  the  de- 
ffruflion  of  life,  than  thofe  that  are  armed 
with  this  faculty  in  a fuperior  degree. 

All  impreffions  made  upon  fuperior  anU 
mals  are  immediately  conveyed  to  the  brain, 

and 
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and  this  being  the  great  fenforium,  the 
whole  animal  receives  the  alarm,  and  an 
immediate  effort  is  made  to  remove  the 
caufe  of  the  injury.  But  inferior  animals, 
that  are  unprovided  with  nerves  and  brain, 
that  are  confequently  deftitute  of  fenfation, 
and  whofe  powers  of  inffindt  are  but  feeble, 
Nature,  we  find,  to  compenfate  for  this 
want  of  fenfation,  has  enabled  them  to  with- 

1 

ftand  injuries  to  a greater  degree  than  thofe 
that  are  furnifhed  both  with  brain  and 
nerves.  Animals  alfo  that  are  endowed 
with  fuperior  fagacity,  poffefs  but  a fmall 
degree  of  irritability;  and  it  feems  to  be 
juftly  remarked,  that  the  irritability  of  ani- 
mals decreafes  as  they  advance  in  age. 
This  was  certainly  intended  for  the  fame 
excellent  purpofe,  that  of  fupplying  the  de- 
fect of  fagacity  while  young  ; but  when  the 
fentient  powers  become  adequate  to  the 
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neceffity,  this  exquifite  irritability,  which 
was  fo  wifely  bellowed  on  them  while 
young,  is  no  longer  required. 

t 

In  different  fpecies  of  animals,  we  have 
fometimes  obferved  that  after  refpiration  is 
fufpended,  from  drowning,  &c.  6cc.  fcarce 
any  action  remained  in  the  right  fide  of  the 
heart ; but  in  feveral  experiments  the  caufe 
of  this  phenomenon  was  found  to  arife 
from  an  over  diffention  of  the  right  auricle 

and  ventricle  ; for  when  a fmall  punCture 

» , 

was  made  in  the  anterior  cava,  and  a 
portion  of  the  blood  contained  in  the  right 
fide  of  the  heart  expelled,  its  contraction 
became  extremely  powerful. 

Here,  then,  was  indfreCt  debility  brought 
on  from  over-diftention  ; and  there  is  rea- 
fon  to  fufpeCt  that  this  morbid  accumu- 
lation of  blood  may  frequently  happen 

from 
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from  the  methods  of  recovery  ufually 
adopted,  and  in  various  other  difeafes. 

There  remains  a fufceptibility  of  adtion 
in  almoft  every  part  of  the  body  for  fome 
time  after  the  fufpenfion  of  the  fentient 
powers ; but  as  animals,  whatever  may  be 
the  caufe  of  their  deftrudtion,  begin  to  die 
firft  at  the  extreme  and  exterior  parts ; fo, 
in  fufpended  refpiration,  from  drowning,  &c. 
we  find  the  irritability  of  the  heart  outlives 
that  of  any  other  part  of  the  body.  One 
exception,  indeed,  has  occurred,  where  the 
heart  and  extremities  ceafed  to  adt  nearly 
at  the  fame  time. 

From  confidering  the  length  of  time  the 
heart  may  be  made  to  contract  after  breath- 
ing has  ceafed,  there  can  fcarce  be  any 
doubt,  if  eledtricity  be  unable  to  excite  it  to 
adtion,  but  that  life  is  irrecoverably  loft ; 

for, 


for,  with  Mr.  Hunter,  we  imagine  life  and 
the  power  of  aCtion  to  be  intimately  con- 
nected. If,  therefore,  we  are  incapable  of 
calling  forth,  this  power  into  aCtion,  by  the 
ftimulus  of  electricity  applied  to  the  heart, 
there  does  not  remain  the  molt  diftant 
probability  that  the  effeCt  can  be  produced 
by  the  application  of  any  other  ftimulus. 

In  our  attempts,  however,  to  reftore  the 
life  of  the  apparently  de^d,  we  are  furnifhed 
with  no  criterion  for  determining  when  this 
pow’er  of  a£tion  is  thoroughly  extinct ; for 
the  exterior  parts  may  have  loft  this  degree 
of  irritability,  and  the  heart  (till  retain  it. 
In  fome  inftances,  the  heart  of  young  ani- 
mals has  been  made  to  aCt  by  electricity 
from  ten  to  fourteen  hours ; and  a gentle- 
man, on  whofe  veracity  I can  rely,  has  in- 
formed me  he  has  feen  it  contraCt  even 
twenty  hours  after  refpiration  was  flopped, 

and  . 
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apd  which  is  many  hours  longer  than  we 
have  been  able  to  excite  adion  in  any 
external  part. 

At  firft  view  it  feemed  probable  that  irri- 
tability and  animal  heat  might  be  coequal ; 
that,  from  the  latter  being  prelent  or  abfent 
to  a certain  but  unknown  degree,  we  might 
be  able  to  draw  a prognoftic  of  the  prefence 
or  extinction  of  the  other;  but  fubfequent 
obfervations  difcovered  this  to  be  erroneous; 
for,  as  there  are  few  whofe  folids  are  not 
very  differently  excited  to  adion  by  the 
fame  caufe,  fo  the  quantity  of  heat  evolved 
from  the  blood,  that  would  fupport  irritabi- 
lity in  the  one,  would  produce  no  effed  on 
the  other.  • 

• i 

This  opinion  is  confirmed  by  the  follow- 
ing experiments  : 
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EXPERIMENT. 


A fmall  Puppy  was  drowned,  and  on  ex- 
amining the  temperature  of  the  two  Tides  of 
the  heart  in  the  pericardium,  the  right  was 
98%  the  left  96°.  The  right  lide  of  the 
heart  continued  to  aft  for  more  than  two 
hours  ; and  during  the  laft  ten  minutes  its 
temperature  was  6o°,  that  of  the  left  570; 
the  warmth  of  the  air  in  the  room  550. 


EXPERIMENT. 


A full-grown  Dog  was  hanged,  the  pern 
cardium  opened,  and  the  temperature  of 
the  right  fide  of  the  heart  W3S  ioo°,  the  left 
990.  The  right  continued  to  aft  not  quite 
ten  minutes,  when  its  warmth  was  90°, 
that  of  the  left  87°  and  one-half : the  tem- 
perature of  the  room  was  alfo  550. 


Here, 
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Here,  then,  action  continued  in  the  one 
more  than  twelve  times  longer  than  in  the 
other,  though  with  a degree  of  heat  much 
inferior.  We  have  alfo  had  a farther  oppor- 
tunity of  being  convinced  that  heat  and  irri- 
tability do  not  always  co-exift,  from  the 
bodies  of  two  perfons  that  had  been  execu- 
ted. A powerful  ele&rical  fhock  was  giv- 
en, without  producing  the  fmalleft  exter- 
nal aftion,  although  three  hours  after  exe- 
cution the  temperature  of  one  was  8o° 
externally,  and  the  other  82°  at  the  expira- 
tion of  two  hours  and  one-half. 

* r 

This  fuperior  degree  of  heat,  above  that 
of  the  atmofphere,  does  not  proceed  from 
the  prefence  of  life;  for  the  longer  or  fhorter 
continuance  of  fenfible  heat  of  any  ani- 
mal mud  always  be  proportionate  to  the 
quantity  of  latent  fire  the  blood  contains, 
and  the  temperature  of  the  furrounding 

medium; 
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medium;  whereas  the  difference  of  irritabi- 
lity much  more  depends  on  the  readinefs 
with  which  the  folids  ad  when  this  ffimu- 
1-us  is  applied,  than  on  the  quantity  of  heat 
evolved. 


■ lit 


•ji 


I 


Wji  ; 


Why  the  fibres  of  one  animal  of  the  fame 
fpecies  fliould  more  readily  ad  than  thofe 
of  another,  from  the  fame  caufe,  and  how 
we  are  to  difcover  the  different  degrees  of 
this  fufceptibihty  of  adion  in  each  particu- 
lar animal,  is  a quefhon  not  lefs  important 
than  intricate  to  unravel.  As  we  have  en- 
deavoured to  prove  that  heat  and  irritability 
do  not  neceflarily  co-exiff,  this  may  at  firft 
feem  to  militate  againft  the  opinion  of  heat 
being  effential  to  the  fupport  of  irritability  ; 
but  in  reality  it  does  not,  for  although  the 
fibres  of  one  animal  fhall  ad  with  its  tempe- 
rature at  6o°,  and  the  fibres  of  another  fhall 
ceafe  with  its  temperature  at  90° : yet  this 
6 only 
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only  proves  that  the  folids:of  the  one  ad 
from  a (lighter  caiife  than  thofe  of  the  other, 
and  not  that  t;he  (fi  mill  us  of  heat  is  wanting. 
A certain  quantity  of  inebriating  liquor 
(hall  product  violent  effeds  on  one  perfon, 
when  a much  greater  quantity  (hall  have 
no  efFed  upon  another.  ' ■ > -> 

Diffimilar  effeds  alfo  take  place  from  the 
fame  temperature  ; for  although  .the  heat  of 
one  animal  may  exceed  that  of  another,  and 
where  the  inferior  degre'e  of  heat  is  pr.efent, 
the  greater  effed  be  produced ; yet  the  Jli- 
mu/us  in  quality  is  the  fame,  and.  the’  dif- 
ference of  adion  depends  da  the  moving 
powers  of  the  one  being  more  readily  ex- 
cited to  ad  than  thofe  of  the  other.  Never- 
thelefs,  though  no  decifive  prognoftic  can 
be  drawn  of  the  prefence  of  irritability , 
from  the  prefence  of  any  knovm  degree  of 
heat , yet  the  nearer  the  degree  of  heat 

approaches 
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approaches  to  its  ftandard  the  greater  mufl 
be  the  irritability  of  that  particular  animal. 
But  it  will  ever  be  better  to  fix  no  crite- 
rion of  life,  and  make  ufe  of  every  poflible 
means  of  recovery,  in  every  inftance,  than 
to  form  a hazardous  prognoftic,  that  may 
prove  fatal  to  hundreds. 


Having  now  fuperficially  examined  the 
fun&ions  of  the  Heart  and  Lungs,  we  fhall, 
in  the  next  Se&ion,  endeavour  to  afcertain 
the  common  effe&s  of  fufpended  refpiration 
from  Drowning,  Hanging,  and  Suffocation, 
and  then  proceed  to  afcertain  the  immediate 
caufe  of  death. 
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SECTION  II. 
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On  the  common  Effects  of  Drowning. 
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T h e general  effects  of  fubmerfion  have 
been  defcribed  by  others ; and  the  refult  of 
our  obfervations  will  be  found  nearly  fimi- 

0 

lar  to  that  obtained  by  thofe  who  have 
already  written  on  this  fubjedl.  But,  as  it 
was  neceffary  firft  to  examine  the  appear- 
ances of  animals  under  that  circumftance, 
before  any  clear  idea  could  be  formed 
of  the  proximate  caufe  of  the  difeafe, 
we  fhall  begin  with  a defcription  of  the 
vifible  effe&s  that  ufually  arife  from 
drowning. 
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As  foon  as  an  animal  is  immerfed  in 
water,  air  is  expelled  from  its  lungs,  and 
immediate  attempts  are  made,  apparently 
with  great  difficulty,  to  infpire;  in  which 
a fmall  quantity  of  water  is  taken  into  the 
noftrils  and  mouth.  The  animal  betrays 
increafing  uneafincfs ; again  expels  air,  and 
takes  in  more  water.  The  duration  of  thefe 
fymptoms  varies  from  one  minute  to  four : 
when  the  mufcles  of  refpiration  ceafe  to  act, 
and  all  ftruggling  is  at  an  end.  Some 
involuntary  motions,  however,  generally 
fucceed.  On  opening  the  chefl,  we  find 
the  two  vena  cavae,  'right  fmus  venofus, 
auricle,  ventricle,  and  pulmonary  artery, 
loaded  with  blood  ; the  left  auricle  and  the 
left  ventricle  about  half  diftended  ; the  aorta 
and  its  branches  containing  a quantity  of 
blood,  which,  in  all  its  appearances,  refem- 
bles  venous.  The  lungs  are  difcovered  in  a 

X 

flate  of  collapfe,  containing  a very  fmall 

quantity 


quantity  of  water,  in  the  form  of  froth. 
The  ftomach,  on  examination,  prefents  alfo 
a little  water,  which  probably  paffes  into 
the  oefophagus  when  the  rima  glottidis 
becomes  clofed  by  the  epiglottis ; for,  as 
the  water  contained  in  the  mouth  is  then 
refufed  admittance  into  the  trachea,  it 
ftiould  feem,  that,  at  that  moment,  it  makes 

V 

its  way  into  the  ftomaeh  ; fo  that,  as  foon 
as  the  animal  attempts  to  infpire,  water 
enters  the  orifice  of  the  trachea ; but  this 
organ,  as  if  confcious  of  not  receiving  its 
due  element,  reje&s  the  water,  which  is 
then  allowed  to  pafs  into  the  oefophagus. 
Air  is  again  emitted,  and  new  efforts  made 
to  infpire,  when,  upon  the  fame  fenfation 
being  produced,  fimilar  effetf  s arife ; and, 
after  the  laft  expiration,  no  more  water  en- 
ters the  lungs,  or  ftomach.  If  the  rima 
glottidis  as  foon  as  irritated  was  not  clofed 
by  the  epiglottis,  there  would  be  found  as 

2 much 
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much  water  in  the  lungs  as  the  animal  had 
expelled  air  ; and  if  the  ftomach  or  lungs 
continued  to  admit  water  after  refpiration 
had  ceafed,  we  fhould  often  find  them 
fully  diftended:  but,  whether  our  examina- 
tion be  made  immediately  after  the  laft 
expiration,  or  after  the  fpace  of  one  hour, 
wc  find  no  variation  in  the  quantity. 

It  has  been  luppofed  that  no  water 
enters  the  windpipe  until  the  animal  is 
dead  : but  the  entire  refult  of  our  experi- 
ments tends  to  prove  that  water  does  get 
into  the  lungs  during  the  ad  of  drowning; 
and  that  no  animal,  provided  with  lungs, 
can  be  drowned  without  this  circumftance 
taking  place.  Indeed  Dr.  Goodwyn  has 
proved  this  to  be  the  fad,  in  a manner 
fo  convincing  and  fatisfadory,  that  we 
need  only  mention,  that  the  whole  of  our 

experiments 
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experiments  to  afcertain  this  point  have 
uniformly  agreed  with  his. 

It  has  been  mentioned  by  Dr.  Goodwyn, 
and  other  Phyfiologifts,  that  the  right  auri- 
cle and  ventricle  are  found  full;  but  there 
feems  to  be  fome  degree  of  impropriety  in 
the  exprefiion;  for  by  the  term  full  is  ge- 
nerally underftood,  a cavity  replete  without 
vacuity ; and  if  fo,  the  left  ventricle  may  be 
faid  to  be  full  when  diftended  only  to  half 
its  natural  fize,  as  it  adapts  itfelf  to  the  vo- 
lume of  blood  it  contains,  and  in  proportion 
as  the  quantity  increafes,  the  cavity  en- 
larges, until  it  attains  a certain  degree  of 
diflention,  when  it  re-a£ls.  If  the  heart, 
therefore,  contain  but  a fmall  quantity  of 
blood,  the  Tides  of  the  auricle  or  ventricle 
will  be  in  contact  with  it,  and  the  cavity  be 
thus  obliterated.  Hence  we  prefer  the 
term  difention  to  that  of fullnefs. 

g3 
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The  following  experiments  were  made 
with  a view  to  determine  the  exad  propor- 
tion which  the  quantity  of  blood  contained 
in  the  right  fide  of  the  heart,  bears  to  that 

i 

in  the  left,  after  drowning. 


EXPERIMENT  I. 

A Cat  was  drowned,  and  as  foon  as  the 
ufual  ftruggles  attending  fubmerfion  had 
ceafed,  the  cheft  was  opened,  the  two  cavae, 
pulmonary  artery,  and  aorta  were  fecured, 
and  the  blood  contained  in  the  heart  care- 
fully colle&ed.  The  proportions  of  the 

j 

right  were  to  the  left  as  12  to  7. 

The  next  experiment  was  made  to  afcer- 
tain,  whether,  after  the  adion  of  the  heart 
had  ceafed,  the  proportions  were  altered. 


EXPERIMENT 
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experiment  II. 

A Cat  was  drowned,  and  when  the 
heart  had  ceafed  to  vibrate,  the  two  cav<c, 
pulmonary  artery,  and  aorta  were  fecured 
as  before.  The  proportions  of  the  right 
were  to  the  left  as  2 to  1. 

Thefe  experiments  were  repeated,  and 
the  quantities  varied  ; fometimes  being  as 
7 to  4,  at  other  times  as  5 to  2,  or  as  12  to 
7.  So  that,  at  a medium,  the  proportions 
of  the  right  are  to  the  left  as  about  3.1  to. 
17.  The  lungs  were  uniformly  in  a flate 
of  collapfe. 

Dr.  Goodwyn  has  made  fome  experi- 
ments to  afcertain  the  precife  quantity  of 
air  contained  in  the  lungs  after  death, 

G 4 and 


and  they  were  conduded  in  the  following 

Q 

manner. 

' * 7.  i -x  •;  /_ 

“ A dead  body  of  ordinary  Mature  was 

“ procured,  and  a clofe  comprefs  applied 

“ upon  the  fuperior  part  of  the  abdomen  to 

“ fix  the  diaphragm  in  its  fituation  ; a fmall 

“ opening  was  then  made  into  the  cavity 

“ of  the  thorax  on  each  fide,  and  upon  the 

“ moft  elevated  parts.  The  lungs  irame- 

“ ately  collapfed,  and  water  was  intro- 

<c  duced  at  thefe  openings,  till  the  cavity 

“ was  filled.  The  volume  of  the  water 

“ contained  was  272  cubic  inches. 

• / 

u The  perfon  on  whole  body  this  ex- 
“ periment  was  made  had  been  hanged. 
“ In  four  fimilar  experiments,  where  death 
“ was  natural,  he  found  the  medium  was 
“ 109  cubic  inches  of  air  after  complete 
“ expiration.” 


Thefe 
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Thefe  experiments,  however,  are  by  no 
means  conclufive;  for  whatever  may  be 
the  caufe  of  death,  the  animal  dies  with  an 
expiration,  and  the  tendinous  part  of  the 
diaphragm  is  thruft  up  as  high  as  the  fourth, 
and  fometimes  as  high  as  the  fifth  inferior 
rib  j and  therefore  the  application  of  a com- 
prefs  round  the  abdomen  does  not  feem 
adequate  to  prevent  the  diaphragm  from 
defcending,  Could  this  event  be  effeded, 
as  the  ribs  cannot  be  kept  at  any  fixed 
point,  and  as  the  air  contained  in  the  lungs 
was  not  colleded,  the  experiment  can  by 
no  means  authorife  any  legitimate  conclu- 
fion. 

Dr.  Goodwyn  obferves,  that  atmofpher 
ric  air,  by  means  of  its  gravity,  will  enter 
into  the  cheft,  and,  by  its  preffure  on  the 
external  furface  of  the  lungs,  oblige  them 
to  collapfe.  This  obfervation,  we  pre- 
fume, 
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fume,  is  inaccurate;  for  according  toawell- 
known  law  in  hydroftatics,  air  and  all  fluids 
prefs  equally  in  every  direction.  However 
great,  therefore,  the  quantity  of  air  may 
be  in  the  lungs  after  the  laft  expiration,  the 
preflure  of  the  external  air  cannot  be  fup- 
pofed  toaflift  in  expelling  it.  This  appears 

obvious  on  a common  bladder  inflated, 

. / 

which  the  preflure  of  the  external  air  by 
no  means  contributes  to  collapfe,  but  in  the 
fame  manner  as  the  lungs,  where  the  pref- 
fure  is  equal,  its  evacuation  will  depend  on 
its  own  elajlicity  and  ‘weight . 

Thofe  who  die  a natural  death  muft 
always  have  a portion  of  air  remaining  in  the 
cheft,  flnce  the  lungs  cannot  be  thoroughly 
evacuated  by  one  expiration;  but  in  drown- 
ing, &c.  repeated  expirations  are  made  with 
ineffectual  attempts  to  infpire.  What, 
therefore,  Dr.  Goodwyn  has  advanced  on 

this 
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this  head,  appears  neither  eftablifhed  by 

argument,  nor  countenanced  by  fa£t.  But 

7 ** 

to  determine  the  point,  the  following  ex- 
periment was  attempted. 

, i : ' ■ 

EXPERIMENT. 

' I 

A Cat  was  drowned,  and  after  the  ufual 
ftruggles  had  ceafed,  the  trachea  was  fecured 
by  a ligature,  the  cheft  opened,  and  the 
lungs  taken  out.  A glafs  tube,  divided  into 
drachms  and  half  drachms  by  meafure, 
was  filled  with  water,  and  inverted  in  a 
bafon  containing  the  fame  fluid.  The 
trachea  was  then  placed  under  the  tube  and 
divided,  and  the  lungs  being  preffed,  not 
half  a drachm  of  air  efcaped.  The  fame 
lungs  when  diftended  contained  16  drachms 
of  air. 

» 
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This  experiment  was  feveral  times  re- 
peated  on  different  animals,  and  fometimes 
fcarce  a bubble  of  air  was  colle&ed  ; in  no 
inffance  was  the  proportion  of  air  in  infpir- 
ation,  to  that  remaining  in  the  lungs  after 
expiration,  fo  fmall  as  io  to  i.  The  Heart 
has  frequently  been  ob'ferved  to  contra#, 

or  more  properly  to  vibrate,  for  more  than 

' - \ 

two  hours  after  refpiration  was  fufpended, 
and  that  from  no  other  ftimulus  but  its 
own  blood;  while  in  other  experiments  the 
vibrations  did  not  continue  one  tenth  part 
of  that  time.  The  right  fide  of  the  heart 
prefer ves  its  aftion  much  longer  than  the 
left,  and  the  auricles  longer  than  their  cor- 
refponding  ventricles. 

' * - k r ' * 

The  periffaltic  motion  of  the  inteftines 
does  not  continue  as  long  as  the  contrac- 
tions of  the  heart;  and  on  opening  the  head, 

the 
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the  veins,  as  in  ordinary  death,  are  found 
rather  diftended,  but  without  the  lead: 
appearance  of  extravafation.  Our  next 
inquiries  will  be  directed  to  the  effefts  of 
hanging. 
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SECTION  III. 

Common  Effects  of  Hanging. 

W„nuS  , in  the  lungs  of  animals 
that  are  fufpended  by  the  neck,  there  is 
always  prefent  a certain  quantity  of  air ; 
the  idea  has  been  fuggefted,  that  they 
poflefled  no  power  to  expel  it ; and  that, 
as  the  lungs  would  then  be  more  or  lefs 
diflended,  the  difeafe  arifing  from  it  rauft 
differ  from  that  produced  by  drowning. 
To  afcertain  this  point,  the  following  ex- 
periment was  made. 

EXPERIMENT. 

A dog  was  fufpended  by  the  neck.  As 
foon  as  the  ftruggles  became  violent,  the 

foeces 
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foeces  and  urine  were  difcharged.  In  lefs 
than  four  minutes  he  ceafed  to  move. 
The  air-tube  was  tied,  the  cheft  opened, 
and  we  difcovered  the  fame  appearances 
after  hanging  as  after  drowning;  the  lungs 
collapfed;  the  right  fide  of  the  heart  over- 
loaded with  blood  ; the  left  auricle  and  ven- 
tricle about  half-diftended.  The  aorta  and 
its  branches  contained  blood,  in  quantity 
and  colour  fimilar  to  that  from  drowning-. 

D 

...  . . f 

;* ; b . Vi:*:/;  . . ri  : •- 

Hence  it  appears,  that,  when  an  animal 
is  fufpended,  the  mufcles  of  expiration  are 
capable  of  performing  their  fundi  ions  ; nor 
are  the  mufcles  of  infpiration  deprived  of 
their  adlion  : but,  as  the  preflure  of  the 
cord  overpowers,  that  of  the  external  air, 
and  clofes  the  opening  of  the  trachea, 
the  lungs  are  not  found  expanded,  but 
collapfed. 
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Oar  next  object  was,  to  attempt  afcer- 
taining  the  exadt  quantity  of  air  that  re- 
mained after  hanging. 


% * f -x  . 

• - 1 *?  : 

EXPERIMENT. 

! . r v V :.r/u 

A dog  was  hanged ; and,  when  all 
ffruggle  and  motion  had  ended,  a ligature 
was  made  on  the  trachea,  in  the  fame 
manner  as  in  thofe  animals  that  had  been 
drowned  ; the  lungs  were  then  removed  ; 
and  the  orifice  of  the  trachea  being  placed 
under  the  glafs  tube  filled  with  water,  the 
ligature  was  taken  off.  On  prefling  the 
lungs  fomewhat  more  than  a drachm  of 
air  efcaped.  Thefe  lungs,  when  inflated, 
contained  forty-three  drachms  and  one 
half  of  air.  This  experiment  was  often 
repeated  ; and  fometimes  fcarcely  any  air 
could  be  expreffed  from  the  lungs.  At 

other 


other  times,  the  proportions  in  infpiration 
were,  to  thofe  in  expiration,  as  il  and  12 
to  1 : but,  in  all  inftances,  the  quantity  of 
air  that  remained  was  very  inconfiderable. 

In  the  next  experiment,  we  endeavoured 
to  afcertain  the  exadt  proportion  of  the 
blood  in  the  right  fide  of  the  heart  to 
that  in  the  left,  after  hanging. 

( ■ • \ • ^ t • * # 

EXPERIMENT. 

A dog  was  fufpended  by  the  neck  till 
he  ceafed  to  move.  The  two  cavae,  pul- 
monary artery,  and  aorta,  were  fecured  by 
ligatures  ; and,  after  a careful  inflection 
of  the  heart,  it  was  found,  that  the  pro- 
portion of  blood  in  the  right,  was,  to 
that  in  the  left,  as  2 to  1. 
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The  fame  experiment  was  repeated  on 
a cat,  and  the  proportions  were  as  5 to  3. 
On  a repetition  of  thefe  experiments,  it 
appeared  that  in  fome  the  proportions  were 
as  9 to  4 ; in  others  as  5 to  3,  and  as  7 to  4. 
So  that  the  medium  ftands  as  28  to  15. 

t , 'N 

. The  contractions  of  the  heart  and  the 
periftaltic  motion  of  the  inteftines  continue 
nearly  as  long  after  hanging  as  after 
drowning,  the  veins  of  the  pia  mater  feem 
more  diftended,  but  without  any  extra- 
vafation. 
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SECTION  IV. 

Common  Effefls  of  Noxious  adirs. 

It  has  been  generally  fuppofed,  that  when 
animals  were  immerfed  in  any  air  unfit 
for  refpiration,  it  was  both  taken  into  their 
lungs,  and  again  expelled.  During  which 
procefs  a deleterious  effedt  was  produced  on 
the  fyftem  that  terminated  in  death. 

This  fuppofition  is,  however,  fupported 
neither  by  argument,  experiment,  nor  ana- 
logy; for  we  find  the  lungs  equally  col- 
lap  fed  in  thofe  animals  deftroyed  by  noxious 
air,  as  in  thofe  which  have  been  drowned. 
In  both  cafes,  the  fir  ft  expiration  is  by 
no  means  fufficient  to  exhauft  the  lun^s. 

H 2 The 
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The  animals  attempt  to  inspire ; when  they 
become  confcious  of  receiving  an  improper 
element,  and  the  epiglottis  .clofes.  Air 
continues  to  be  expelled,  and  new  attempts 
are  made  to  infpire,  when  the  trachea  being 
ao-ain  irritated  by  the  noxious  air,  little  or 
none  enters  the  lungs,  and  after  the  laft 
expiration  they  admit  no  more. 

In  ofder  to  difcover  the  precife  quantity 
Of  air  now  retained,  we  made  the  following 
experiment. 


experiment. 

A kitten  was  immerfed  in  nitrous  gas, 
and  when  it  had  ceafed  to  breathe,  the 
trachea  was  fecured,  and  the  lungs  re- 
moved. The  air  was  then  col\e<5led  as 
before,  in  the  glafs  tube ; and  it  amounted 

3 i Qnly . 
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only  to  i of  a drachm*;  whereas,  in  the 
diftended  ftate,  thefe  lungs  contained  14 
drachms  and  5. 

In  the  repetition  of  this  experiment,  dif- 
ferent kinds  of  impure  air  were  employed  ; 
and  the  proportion  of  it  in  the  diftended 
to  that  of  the  collapfed  {fate  was  frequently 
as  40  and  fometimes  even  50  to  r ; and  in 
every  inftance  the  quantity  of  remaining  air 
was  very  inconfiderable. 

The  next  object  was  to  determine  the 
exaft  quantity  of  blood  in  the  right  and  left 
Tides  of  the  heart. 

To  afcertain  this,  the  following  experi- 
ment was  repeated. 

* We  here  mean  the  fame  bulk  occupied  by  half  a 
drachm  of  water. 

h3 
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EXPERIMENT. 

A rabbit  was  deftroyed  by  nitrous  gas; 
after  which,  the  two  cavae,  pulmonary  ar- 
tery, and  aorta,  were  fecured.  The  blood, 
in  the  right  and  left  heart,  was  then  col- 
lected. The  proportion  of  the  former 
was  to  that  of  the  latter  not  quite  as  3 
to  2. 

From  a repetition  of  this  experiment  we 
learned,  however,  that,  although  the  pro- 
portion was  fometimes  not  fo  much  as  3 
to  2,  yet,  in  one  inftance,  it  was  more  than 
2 to  1. 

As  a medium,  therefore,  the  quantity  of 
blood  contained  in  the  right,  may  be  to 
that  in  the  left  as  5 to  3. 


We 
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We  here  alfo  remarked,  that  the  irrita- 
bility of  the  heart  continues  but  little 
longer  than  the  periftaltic  motion  of  the 
inteftines;  and  that,  in  thefe  experiments, 
they  both  ceafed  fooner  than  in  animals 
deftroyed  by  drowning  or  hanging.  Nor 
was  this  irritability  in  any  one  inftance 
manifeft  from  artificial  ftimuli  after  re- 
fpiration  had  been  fufpended  one  hour  and 
five  minutes.  In  fome  rabbits,  deftroyed 
by  nitrous  gas,  the  heart  ceafed  to  contract, 
from  its  own  ftimulus,  in  lefs  than  four 
minutes. 

From  the  uniformity  of  thefe  effects 
from  various  airs,  we  are  authorized  to 
conclude,  that  the  airs  in  which  the  ani- 
mals were  immerfed  contributed  by  their 
fpecific  quality  to  deftroy  their  irritability. 

I fhall  not  deny  that  this  effedt  is  to  be 
H 4 attributed 
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attributed  to  the  noxious  quality  of  the  air 
entering  the  lungs ; but  fhould  rather  fuf- 
pe&  the  bulk  of  this  air,  taken  into  the 
cheft  of  fuffocated,  does  not  more  than 
equal  that  of  the  water  admitted  by 

r • 

drowned  animals:  for  as  the  latter  at  each 
infpiration  receive  only  a fmall  quantity  of 
water,  it  is  probable  the  former  admit  only 
the  fame  quantity  of  noxious  air,  which, 
mixing  with  what  remains  in  the  lungs,  is 
at  length  nearly  all  expelled  by  repeated 
expirations ; and  a fimilar  collapfe  takes 
place  to  that  which  we  have  already  ob- 
ferved  accompanies  hanging  and  drown- 
ing. 

It  has  been  remarked,  that  animals  de- 
ftroyed  by  impure  air  do  not  grow  rigid, 
but  remain  pliant  and  flexible.  We  have, 
however,  in  the  courfe  of  our  experiments, 
met  with  ftriking  examples  of  the  contrary. 

Animals 
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Animals  killed  by  nitrous  oas  become 
fooner  rigid  than  thofe  deftroyed  by  drown- 
ing ; -and  in  two  inflances,  the  rigidity  of 
the  extremities  was  remarkable,  even  before 
the  heart  had  ceafed  to  vibrate. 

On  examining  the  head,  the  veins  were 
found  in  a fmall  degree  diftended. 

From  this  brief  inquiry  into  the  vifible 
effe&s  arifing  from  hanging,  drowning, 
and  fufFocation,  thefe  trifling  variations 
were  obferved  : — that  in  one  inftance 
water  enters  the  lungs ; in  the  other 
noxious  air:  that  this  air  poflefles  a greater 
tendency  to  deftroy  the  action  of  the  heart 
than  either  hanging  or  drowning,  and  that, 
after  the  former,  more  blood  is  found  in 
the  head,  though  its  proportions  in  the  dif- 
ferent Tides  of  the  heart  are  nearly  equal. 


The 
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The  lungs  in  all  thefe  are  in  a ftate  of 
collapfe.  Thefe  confiderations,  efpecially 
the  loft , incline  me  to  believe,  that  the 
caufe  which  produces  death  in  one  inftance, 
operates  alfo  in  the  others.  , 


SECTION 
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SECTION  V. 

An  attempt  to  afcertain  the  proximate  caufe  * 
of  the  difeafe  produced  by  Sub  me  rf on , 
Strangulation , and  Suffocation. 

To  inveftigate  and  eftabliflh  the  proxi- 
mate caufe  of  the  difeafe  in  fufpended  re- 
fpiration  from  drowning,  hanging,  &c.  is  a 
talk  that  has  engrofied  the  attention,  and 
exercifed  the  pens,  of  feveral  eminent  phy- 
fiologifts ; but  there  has  been  little  coin- 
cidence of  opinion  ; each  feeming  to  have 
ftarted,  and  embraced  an  hypothefis  of  bis 
own. 

* By  proximate  caufe  I mean,  the  condition  of  the 
parts  difeafed,  and,  which  being  removed,  the  difeafe 
ceafes. 
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It  has  been  the  idea  of  fome,  that  the  air 
contained  in  the  lungs  becomes  highly 
phlogifticated,  and  that,  from  its  deleterious 
influence  originates  the  difeafe.  Others 
attribute  it  to  a congeflion  of  blood  formed 
in  the  heart  and  lungs ; while  another  clafs 
fuppofe  death  to  be  produced  by  apo- 
plexy. 

To  none  of  thefe  opinions  does  Dr. 
Goodvvyn  incline ; to  him  it  appears  that, 
from  the  privation  of  the  ufual  ffimulus 
fupplied  by  the  air,  the  blood  contained  in 
the  /eft  auricle  and  ventricle  is  rendered  in- 
capable of  exciting  their  contra&ion ; and 
hence  he  derives  the  immediate  caufe  of  the 
fufpended  circulation. 

From  an  authority  we  fo  highly  refpedl, 
it  is  with  diffidence  I diflent ; but  the 
refult  of  experiment  tends  to  prove  this 
opinion  to  be  erroneous. 


If 
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If  the  prefence  of  black  blood  in  the  left 
heart  was  the  proximate  caufe  of  circulation 
ceafing,  then  we  Ihould  certainly  find  it 
fully  diflended  from  the  aftion  of  the  right ; 
but  Dr.  Goodwyn  himfelf  admits  that  this 
is  by  no  means  the  faift  i and,  indeed,  if  the 
left  auricle  and  ventricle  w ere  fully  diflended^ 
and  it  were  neceffary  for  the  refloration  of 
life  that  the  blood  already  contained  in  the 
left  auricle  fhould  undergo  a change  before 
it  was  enabled  to  empty  itfelf,  then  every 
animal  would  be  irrecoverable  as  foon  as 
this  black  blood  had  once  diflended  the 
auricle  j for  we  can  appeal  to  the  tefi:  of 
experiment  to  prove,  that  no  alteration  can 
be  produced  on  the  quality  of  the  blood 
contained  in  the  trunks  of  the  pulmonary 
veins  and  left  auricle.  • 

To  afeertain  if  any  fuch  change  could 
be  effected,  the  following  experiment  was 
made. 


EXPERIMENT. 
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EXPERIMENT. 

A Dog  was  fufpended  by  the  neck  until 
he  ceafed  to  move;  on  opening  the  cheft, 
both  tides  of  the  heart  were  obferved  to 
contract ; but  the  left  ceafed  in  eight  mi- 
nutes, while  the  right  continued  to  adt 
ftrongly.  The  pulmonary  artery  being 
carefully  feparated  from  the  aorta,  and 
fecured  by  ligature,  we  proceeded  to  in- 
flation, which  was  continued  fifteen  mi- 
nutes, without  being  able  to  empty  the 
trunks  of  the  pulmonary  veins  and  left 
auricle,  or  produce  any  apparent  alteration 
on  the  quality  of  the  blood. 

This  experiment  was  repeated  on  a cat, 
during  the  action  of  the  left  fide  of  the 
heart,  which  became  lefs  diftended,  but  no 

alteration 
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alteration  in  the  colour  of  its  blood  could 
be  produced.  The  change  therefore  which 
the  blood  undergoes  in  its  paflage  through 
the  lungs,  is  effected  before  it  enters  the 
trunks  of  the  pulmonary  veins  and  left  au- 
ricle, and  as  the  air  cannot  come  in  contadl 
with  this  blood  to  produce  any  chemical 
alteration,  it  mull  be  propelled  through 
the  fyftem  unaltered,  whenever  an  animal 
recovers ; for  fuppofing  the  blood  within 
the  lungs  to  have  undergone  its  ufual 
change  from  inflation,,  as  the  trunks  of 
Jthe  pulmonary  veins  and  left  auricle  are 
here  underftood  to  be  full,  and  as  this  blood 

can  receive  no  chemical  change,  the  left 

* 

auricle  muff  a£t  on  its  black  blood,  and  re- 
ceive the  contents  from  the  trunks  of  the 
pulmonary  veins  (which  we  have  faid  has 
not  undergone  the  change)  before  the  left 
heart  can  contain  blood  duly  prepared  by  - 
the  air.  We  were,  at  fir  ft  induced  to  be- 
' lieve 
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Jieve  that  the  collapfe  of  the  lungs  after 
inflation  might  have  the  power  to  empty 
the  left  auricle  mechanically,  by  propelling 
the  contents  of  the  pulmonary  veins  on- 
ward, and  by  the  preffure  thus  applied 
from  without,  to  the  blood  within  the 
auricle,  to  ftimulate  its  mufcular  fibres  to 
read,  and  fo  expel  a portion  of  its  contents. 
But  there  feems  an  objedion  to  this  fup- 
pofition ; for  if  the  lungs  by  their  col- 
lapfe had  any  fuch  power,  they  muff  have  ' 
exerted  it  at  the  laft  expiration,  and  then 
thofe  veflels  which  are  affeded  by  this 
action  would  be  fo  far  emptied  as  to  re- 
quire a frefh  fupply  of  blood  from  the  right 
fide  of  the  heart  before  the  lungs  could, 
by  their  collapfe,  have  any  mechanical 
efFed  on  their  contents ; and  the  next  ex- 
periment proves,  that,  after  refpiration  is 
fulpended,  very  little  bipod  is  left  within 
the  lungs. 


EXPERIMENT, 
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EXPERIMENT! 

A Cat  was  drowned,  and,  when  all  mo- 
tion had  ceafed,  we  opened  the  cheft  and 
feeured  the  pulmonary  artery.  A fmall 
ligature  was  then  paffed  round  the  trunks 
of  the  pulmonary  veins,  as  they  enter  the 
left  auricle,  and  both  auricle  and  ventricle 

were  then  opened  j the  blood  being  all 

► 

taken  up  by  a fponge,  the  trunks  of  the 
pulmonary  veins  were  divided,  and  on 
prefling  the  lungs  very  little  blood  efcaped, 
except  that  contained  in  the  trunks.  The 
Repetition  of  this  experiment  afforded  the 
fame  refult.  We  muff  therefore  look  elfe- 
where  for  reafons  to  account  for  the  aiTion 
of  the  left  auricle  in  recovery,  as  experi- 
ment proves,  that  by  inflation  no  chemical 

I change 
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change  within  the  trunks  and  auricle  can 
be  produced,  nor  by  the  mechanical  aCtion 
of  the  lungs,  if  the  communication  be  cut 
off  from  the  right  fide  of  the  heart,  empty 
the  trunk  j as  this,  I fay,  cannot  be  efreCted, 

i 

it  would  feem  that  when  the  right  fide  of 
the  heart  a&s  during  inflation,  there  is  a 
quantity  of  blood  fent  within  the  lungs; 

and  this  contraction,  aflifted  by  a col- 

/ 

lapfe  of  the  lungs,  propels  a portion  of 
the  contents  of  the  pulmonary  veins  on- 
ward, and  thus  produces  fuch  a vis-a-tergo 
on  the  blood  within  the  auricle,  as  to 
excite  it  to  contract.  It  has  been  before 
obferved  that  the  right  fide  of  the  heart 
in  health  performs  this  function  independent 
of  any  mechanical  aCtion  of  the  lungs,  and 
it  is  likewife  capable  of  the  fame  action 
for  fome  minutes  after  refpiration  is  fuf- 
pended  ; but  where  the  contraction  of  this 

organ 
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organ  is  infufficient  to  propel  blood  through 
the  lungs,  producing  an  artificial  collapfe 
will  have  the  fame  effedt.  This  however 
can  only  happen  where  a frefh  fupply  of 
blood  has  been  fent  to  the  lungs  by  the 
contractions  of  the  right  fide  of  the  heart ; 
as  experiment  Ihews  that  the  quantity  of 
blood  remaining  in  the  lungs  is  too  fmall 
to  enable  their  mechanical  adtion  to  have 
any  effedt  on  their  contents* 

It  has  been  mentioned  by  Haller  and 
other  celebrated  phyfiologifts,  that  where 
the  lungs  are  collapfed,  an  obftrudlion  to 
the  paffage  of  the  blood  through  them  will 
be  the  confequence ; but  they  have  not 
proved  that  the  lungs  are  in  fuch  a J late  of 
collapfe  in  Drowning , Hanging , and  Suf- 
focation. 

I have  endeavoured  to  fhew  that  Dr. 

1 2 Goodwyn’s 
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Goodwyn’s  experiments  to  determine  this 
point  were  objectionable;  and  our  inquiries 
prefented  refults  very  oppofite  to  his,  that 
infiead  of  the  lungs  being  diftended  that 
they  were  collapfed,  and  contained  but 
very  little  air.  In  order,  however,  to  prove 
that  this  degree  of  collapfe  was  fufficient  to 
produce  a mechanical  obftruCtion  in  the 
lungs  in  Hanging,  Drowning,  &c.  v/e 
compared  the  quantities  of  blood  in  the 
different  Tides  of  the  heart,  where  the 
collapfe  was  removed,  to  that  where  the 
collapfe  exifted. 

The  experiments  were  conducted  in  the 
following  manner. 


EXPERIMENT. 

A Dog  was  fufpended  by  the  neck,  and 
in  lefs  than  a minute  the  fseces  and  urine 


were 
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were  difcharged  ; his  ftruggles  continued 
for  little  more  than  three  minutes,  when 
he  ceafed  to  move  ; the  trachea  was  then 
laid  bare,  and  divided,  and  the  lungs  fully 
diftended  with  warm  water  (about  blood 
heat)  through  the  medium  of  a funnel; 
the  trachea  being  fecured  fo  as  to  permit 
no  water  to  efcape,  the  chefl  was  opened, 
and,  contrary  to  all  experiments  made  be- 
fore, there  was  found  a much  lefs  quantity 
of  blood  in  the  right  linus  venofus,  auricle, 
ventricle,  and  pulmonary  artery,  than  in 
the  left,  which  was  loaded  with  blood, 
part  coagulated,  and  the  whole  quite  black. 
The  experiment  was  repeated,  and  yielded 
nearly  the  fame  refult,  with  this  variation, 
however,  that  the  right  fide  of  the  heart 
had  a little  more  blood  than  before,  but  the 
left  was  again  fully  dillended. 

l ' 

It  then  appeared  evident,  that  if  by  an 

I 3 artificial 
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artificial  diftention  of  the  lungs  only,  with- 
out  the  admiffion  of  air  to  produce  any 
chemical  change  on  the  blood,  the  right 
fide  of  the  heart  was  capable  of  diftending 
the  left,  and  of  expelling  a part  of  its  own 
contents  $ that  in  fufpended  refpiration  there 
exifis  fuch  a mechanical  objtruBvm  in  the 
interior  * pulmonary  vejfels  from  collapfe  of 
the  lungs , as  prevents  the  right  fide  of  the 
heart  from  getting  rid  of  its  contents. 

The  experiment  was  therefore  repeated 
with  fome  alteration. 

3EXPERI  MEFT, 

A Cat  was  drowned*  and  after  the  ceA 
fation  of  all  firuggles,  an  aperture  was 

* By  interior  pulmonary  vefTels  is  meant  thofe  that 
jamify  within  the  lungs,  and  are;  influenced  by  the  air; 
and  by  the  trunks  we  mean  thofe  velfels  that  arifc  from 
the  auricle,  and  are  attached  to  the  furfitce  of  the  lungs„ 

made 
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made  in  the  trachea,  and  the  lungs  dif- 
tended  with  air,  which  was  retained.  On 
opening  the  heart  we  found  the  contents 
of  the  left  fide  were  to  that  of  the  light 

as  five  to  four, 

experiment, 

« 

A Dog  was  drowned;  when  he  ceafed 
to  move,  cold  water  was  introduced  into 
the  lungs.  On  examining  the  heart  we 
found  the  proportions  of  the  blood  in  the 
left  were  to  that  in  the  right  as  fix  to 
five, 

Thefe  experiments  were  repeated,  and 
fometimes  the  proportions  were  as  fix  to 
four;  but  in  one,  where  the  irritability 
was  trifling,  the  blood  was  a little  predo^- 
minant  in  the  right.  On  the  contrary,  in 
another,  where  great  irritability  was  pre- 
fent,  the  proportions  were  as  two  to  one, 

I 4 ^ 
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It  may  be  urged  by  fome  as  an  objec, 
tion  to  the  above  experiments,  that  water 
may  ad  as  a ftimulus  to  the  pulmonary 
veffels,  fo  as  to  excite  them  to  ad  ; but  it 
has  been  obferved,  that  there  remains  very 
little  blood  within  the  lungs  after  the  laft 
expiration ; and  if  water  aded  on  them  as 
a flimulus,  it  could  not  produce  the  fame 
effed  on  the  trunk  of  the  pulmonary  artery, 
right  auricle  and  ventricle,  which  we  find 
in  part  emptied. 

It  has  been  obferved  that  animals  under 
the  common  method  of  fufpenfion,  retain 
the  power  of  expelling  air  from  the  lungs ; 
but  it  was  found  not  impoffible  fo  completely 
to  comprefs  the  trachea,  as  to  prevent  any 
air  from  efcaping:  with  this  view  the  fol- 
lowing experiment  was  tried. 


EXPERIMENT. 


( 


( I2‘  ) 


experiment. 

The  trachea  of  a Kitten  was  laid  bare, 
and  a ligature  palled  round  it,  that  the 
whole  of  the  air  might  be  confined  within 
the  lungs.  The  animal  ceafed  to  move 
in  four  minutes  and  a half ; and  on  opening 
the  heart  we  found  the  proportions  of  blood 
in  the  left  fide  were  to  that  of  the  right 
as  nine  to  feven. 

The  fame  experiment  was  repeated  on  a 
Rabbit,  and  the  proportions  were  as  eight 
to  feven. 

In  thefe  experiments,  therefore,  where 
the  mufcles  of  expiration  had  not  fufficient 
power  to  overcome  the  comprelfure  of  the 
cord,  and  expel  air  from  the  lungs,  the 
blood  accumulates  to  a greater  quantity  in 

the 
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the  left  fide  of  the  heart,  bccaufe  no  col« 
lapfe  takes  place,  and  confequently  no  ob- 
ftru&ion  to  the  paffage  of  the  blood  through 
the  lungs. 

The  next  experiment  was  made  on  an 
animal  that  had  been  fuffocated,  by  dif- 

tending  its  lungs  with  nitrous  air* 

% 

In  order  to  perform  this  experiment  a 
common  bladder  was  produced,  and  a pipe 
affixed  to  its  neck,  fmall  enough  to  be 
infer  ted  into  the  trachea  of  a rabbit.  This 
pipe  was  introduced  through  a cork  adapted 
to  the  fize  of  a wide  mouthed  bottle, 
which  contained  copper  with  diluted  nitrous 
acid.  The  nitrous  vapour  arifing  from 
this  folution  was  colle&ed  in  the  bladder, 
and  when  a fufficient  quantity  was  ob-* 
tained,  we  attempted  the  following  expe«* 
riment. 


EXPERIMENT, 
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experiment. 

A {mall  Rabbit  was  deftroyed  in  nitrous 
gas,  and  as  foon  as  it  difcontinued  to  ex- 
pire air  from  its  lungs,  we  removed  it  from 
the  medium  i}i  which  it  was  plunged.  A 
fmall  aperture  was  then  made  in  the  tra*. 
chea,  the  bladder  taken  from  the  bottle 
containing  the  nitrous  gas,  and  the  pipe 
introduced  into  the  trachea  in  order  to 
diftend  the  lungs ; which  being  effe&ed, 
the  air  was  prevented  from  efcaping,  by 
tying  the  trachea.  On  examining  the  heart, 
the  proportions  of  blood  in  the  left  were  to, 
thofe  in  the  right  as  fev^n  to  fix. 

The  experiment  was  again  repeated  by 
deflroying  an  animal  in  hydrogene,  and 
diftending  the  lungs  with  nitrous  air;  and 

the. 
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the  proportions  in  the  left  were  to  thofe  in 
the  right  as  thirteen  to  twelve. 

But  thefe  laft  experiments  did  not  always 
produce  the  fame  refult,  a larger  portion 
of  blood  being  found  in  the  right  than  in 
the  left  fide  of  the  heart,  from  the  flight 
degree  of  irritability  that  remained  after 
refpiration  had  been  ftopt  by  noxious  air. 

Our  next  attempt  was  to  afcertain  if 
more  blood  were  found  in  the  lungs  of  an 
animal  whofe  refpiration  was  fufpended, 
and  then  the  collapfe  removed  by  a fluid, 
than  where  this  fufpenfion  took  place 
without  the  removal  of  the  collapfe. 

We  could  devife  no  method  to  enable 
ns  to  eftablifh  this  point  with  accuracy, 
but  ventured,  however,  on  the  following 
experiment. 


EXPERIMENT. 


( 1*5  ) 


experiment. 

A Rabbit  was  drowned,  and  the  lungs 
immediately  diftended  with  air;  after  tying 
up  the  trachea  the  cheft  was  opened,  the 
pulmonary  artery  and  aorta  fecured,  as  alfo 
the  trunks  of  the  pulmonary  veins.  The 
left  fide  of  the  heart  was  then  opened,  the 
blood  removed,  and  pulmonary  veins  di- 
vided, the  ligature  was  taken  from  the 
trachea,  and  the  air  expreffed  from  the 
lungs.  A large  quantity  of  blood  flowed 
from  the  pulmonary  veins,  and  in  a few 
minutes,  by  alternate  expanfion  and  col- 
lapfe,  the  lungs  were  emptied  of  their 
contents.  No  accurate  comparifon,  how- 
ever, could  be  drawn  between  the  quantity 
of  blood  prefent  in  this  experiment,  and 
that  which  they  contained  in  the  collapfed 
i Rate; 
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ftate;  but  it  was  evidently  lefs  in  the  latter* 
which  tends  to  confirm  the  opinion  of  the 
collapfe  of  the  lungs  preventing  a free  cir- 
culation through  them  ; for  if  more  blood 
be  found  when  they  are  diftended  than 
when  collapfed,  this  it  would  feem  muff 
arife  from  the  prefence  of  an  obftru&ion 
in  the  one  inftance,  and  its  removal  in  the 
other. 

Thefe,  together  with  the  former  expe- 
riments, confpire  to  prove  that  the  collapfe 
forms  an  impediment  to  the  circulation  ; 
for  if  in  an  animal  that  is  drowned,  handed 
or  fuffocated,  the  blood  be  found  to  pre- 
dominate in  the  right  fide  of  the  heart* 
while  in  another  deftroyed  by  the  fame 
means,  the  contrary  takes  place  merely 
from  the  introdu&ion  of  a fluid  into  the 
lungs  which  can  have  no  chemical  effect 
on  the  blood  ; from  what  can  this  variation 

and 
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. and  difference  of  quantity  originate,  if  not 
from  the  mechanical  obftrudtion  in  the  firft 
cafe,  and  its  removal  in  the  fecond  ? 

It  fhould  however  be  obferved,  that,  al- 
though repeated  experiments  prove  me- 
chanical obftruCtion  to  exift  in  fufpended 
breathing  ; yet  it  appears  that  the  right  tide 
of  the  heart  is  capable  of  propelling  a fmall 
quantity  of  blood  through  the  lungs  duiing 
the  collapfed  date  of  thofe  organs  for  fome 
little  time  after  refpiration  has  ceafed,  and 
the  left  of  getting  rid  of  its  black  blood  \ an 
opinion  that  is  ftrongly  countenanced  by 
the  following  experiments. 

experiment. 

A Kitten  was  drowned,  the  cheft  imme° 
diately  opened,  and  the  aorta  fecured,  with- 
out including  the  pulmonary  artery;  when 

the 
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Hie  heart  had  ceafed  to  contract,  the  quarn  • 
tity  of  blood  in  both  its  Tides  was  examined, 
and  it  was  found  that  the  left  contained 
nearly  as  much  as  the  right. 

This  experiment  was  frequently  repeated, 
and  fometimes  the  quantity  of  the  blood 
was  greater  in  the  left  fide  of  the  heart 
than  in  the  right ; but  in  all  the  experi- 
ments the  quantity  of  blood  in  the  left  fide 
of  the  heart  was  increafed  by  tying  up  the 
aorta. 

In  the  animals,  therefore,  fubjefted  to 
thefe  experiments,  the  blood  mud  h&ve 
patTed  through  the  lungs  in  the  collapfed 
ftate ; and  if  no  ligature  had  been  applied, 
this  black  blood  would  have  been  propelled 
into  the  aorta,  fince  the  period  of  examina- 
tion of  the  heart  after  refpiration  has  ceafed, 

makes 
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makes  no  alteration  in  the  proportions  of 
blood  in  their  different  cavities. 

Thefe  experiments  afford  a refult  in 
direCt  contradiction  to  the  opinion  1 up- 
ported  by  Dr.  Gocdwyn,  that  the  left  ffde 
of  the  heart  is  incapable  of  aCting  from 
the  ftimulus  of  black  blood:  for  they  prove 
that  as  the  right  ffde  of  the  heart  is  capable 
of  fending  blood  through  the  lungs  in  the 
collapfed  date,  the  left  is  alfo  enabled  to 
contract  from  the  (timid us  of  black  blood. 

The  fame  experiments  may  alfo  at  firff: 
fcem  to  invalidate  the  opinion  that  fuppofes 
the  prefence  of  collapfe.  But  whenever 
the  right  ffde  of  the  heart  has  the  power 
of  propelling  blood  through  the  luno-s  in 
the  collapled  date,  the  quantity  is"  not  fuf- 
ficient  to  didend  completely  the  left  auricle 
and  ventricle.  And  as  the  lungs  in  this 
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difeafe  contain  but  very  little  air,  and  are 
nearly  in  the  fame  {fate  as  the  foetal  lungs;  . 
and  as  only  a fmall  quantity  of  blood  in  the 
healthy  {fate  of  the  foetus  can  be  propelled 
through  that  vifcus ; it  appears  that  the 
blood  palling  through  the  lungs  during  the 
collapfe  in  the  adult,  would  not  be  fufficient 
for  the  demand,  as  very  little  more  blood 
can  be  fent  through  the  cheft,  after  the  laffc 
expiration,  than  in  the  foetal  circulation ; 
with  this  material  difference  however,  that 
in  the  foetus  a change  has  been  given  to  the 
blood  (in  the  placenta),  while  in  the  adult 
it  can  receive  none. 

Now  as  the  left  fide  of  the  heart  foon 
ceafes  to  poffefs  a ftimulus  that  can  enable 
it  to  difcharge its  contents;  fo  alfo  the  right 
cannot  long  continue  to  propel  blood 
through  the  lungs  in  their  contracted.  Jiate : 
for  if  the  right  fide  of  the  heart  continued 
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to  lend  blood  through  the  lungs  when  the 

left  was  incapable  of  getting  rid  of  its  own, 
we  ftiould  then  find  the  blood  predominate 

.in  quantity  in  the  left. 

Were  Dr.  Goodwyn’s  aflertion  true,  that 

after  the  laft  expiration  in  drowning,  &c. 
&c.  the  lungs  contain  a greater  quantity 

of  air  than  in  hydrops  peEloris , then  an 
objection  would  arife  to  the  fuppofition 
of  their  collapfe  forming  an  impediment  to 
the  free  paffage  of  the  blood  ; but  we  have 
already  attempted  to  detefl  the  infufficiency 
of  thofe  experiments  which  he  imagined 
authorized  this  conclufion.  / 

y 

* > 

It  muft  however  be  confeffed,  that  Dr. 
Goodwyn’s  experiments  feem  fo  inge- 
nioufly  devifed,  and  the  conclufions  drawn 
from  them  fo  fpecious,  that  at  fir  id  they 
fufpended  inquiry ; and  it  was  only  by 
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fubfequent  examination  that  we  were  able 
to  detect  the  fallacy  of  thofe  particular  ones, 
which  he  adduces  to  afcertain  the  quantity 
of  air  remaining  in  the  lungs  after  the  lad: 
expiration.  But,  by  purfuing  a mode  of 

i ' 

inquiry  different  to  his,  we  obtained  a 
refult  extremely  unfavourable,  and  indeed 
contradictory  to  his  conclusion,  viz.  that 
imlead  of  the  lungs  containing  a large 
quantity  of  air  after  drowning,  hanging, 
or  fuffocation,  the  refiduum  is  very  incon- 
siderable. 

To  this  conclufion  fucceeded  an  obvious 
reflection,  that  if  the  circulation  could  be 
properly  carried  on  during  a collapfe  of 
the  lungs,  why  Should  the  foetal  circula- 
tion differ  from  that  of  the  adult  ? And 
indeed  it  appears  evidently  to  be  the  intention 
of  Nature,  that  only  a foiall  portion  of 
blood  Should  ever  pnfs  through  the  lungs 

in 
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in  their  ffate  of  coliapfe ; for  (he,  ever  uni- 
form as  wife  in  her  operations,  would  never 
have  provided  a different  circulation  for  the 
foetus,  if  the  veffels  of  its  lungs  could  have 
admitted  through  them  a free  and  uninter- 
rupted paffage  to  the  blood ; but  as  a coliapfe 
of  the  lungs  was  neceflary  to  the  foetal 
ceconomy,  it  was  indifpenfable  that  it  fhould 
be  furnifhed  with  a foramen  ovale,  dudtus 
arteriofus,  &c.  to  compenfate  for  the  fmali 
allowance  of  blood  that  is  fent  through 

i 

them. 

• 

In  drowning,  &c.  &c.  as  very  little  air 
remains  in  the  lungs  after  the  laft  expira- 
tion, the  difeafe  muft  exhibit  nearly  the 
fame  phenomena  as  the  foetus,  whofe  muf- 
cles  of  refpiration  have  not  been  excited  to 
a£t ; for,  in  this  cafe,  it  is  nature  that  ef- 
fedts  what  we  endeavour  to  attain  by  art ; 
that  is,  to  remove  the  coliapfe  of  the  lungs, 
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and  this  by  the  introduaion  of  a fluid  that 
will  give  the  neceffary  change  to  the 
blood. 

Haller,  Cullen,  and  others,  were  of  opi- 
nion that  the  ftate  of  full  infpiration  was 
as  unfavourable  to  the  tranfmiffion  of  blood 
through  the  lungs,  as  that  of  expiration  ; 
but  this  fuppofition  appears  to  be  but  ill- 
fupported  by  fa£t ; as  experiment  proves  * 
that,  when  the  lungs  were  completely  dijlen - 
ded  by  water , the  blood  freely  pafled  from 
the  right  fide  of  the  heart  to  the  left ; and 
the  adtion  of  the  heart,  under  this  circum- 
ftance,  muft  have  been  feeble,  if  compared 
to  that  which  it  exerts  in  a Hate  of 
health. 

It  has  alio  been  the  generally  received 
opinion  that  where  the  motion  of  the  lungs 
is  by  any  caufe  impeded,  the  circulation, 
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from  want  of  their  mechanical  a5hon,  is 
alio  fufpended  ; and  that  the  accumulation 
of  blood,  which  takes  place  in  the  right  fide 
of  the  heart,  from  drowning,  hanging,  and 
fuffocation,  originates  from  the  fame 

caufe. 

This  opinion,  howeve'r,  has  been  con- 
tradicted by  experiment,  where,  from  the 
mere  removal  of  the  collapfe,  independent 
of  any  mechanical  action  of  the  lungs,  the 
circulation  through  them  was  reftoied; 
whence  it  is  obvious  that  the  accumulation 
of  blood  in  the  right  fide  of  the  heart  does 
not  proceed  from  want  of  motion , but  fiom 
the  collapfe  of  the  lungs. 

In  drowning  and  in  fuffocation  from 
| foul  air,  it  has  been  found  that  the  veins 
of  the  head  are  not  more  diftended  than 
in  natural’  death  : and  that  apoplexy  does 
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not  take  place,  as  has  been  fuppofed  from 
hanging,  is  equally  true;  for  if  fuch 
were  the  cafe,  a recovery  could  not  be 
effected  ; fince  our  endeavours  to  remove 
common  apoplexy,  even  while  the  procefs 
of  refpiration  and  circulation  proceed,  fre- 
quently prove  unfuccefsful. 


Were  it  really  true  that  apoplexy  took 
place  either  in  drowning,  hanging,  or 
- allocation,  we  fhould  conceive  more  fan- 
gume  hopes  of  recovery  after  breathing  had 
ceafed  in  ordinary  apoplexy  than  when  it 
arofe  from  drowning,  &c.  for  thefe  latter 
caufes  produce  their  fatal  effedt  in  a few 
minutes  j while  common  apoplexy,  even 
where  a predffpofition  exiffed,  is  generally 
many  hours,  and  fometimes  days,  before 
death  takes  place.  If,  therefore,  the  two 
difeaies  be  ot  the  fame  lpecies,  that  which 
arifes  from  drowning,  &c.  muff  be  much 

the 
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the  more  violent  in  degree.  Were  this 
indeed  literally  the  fad,  we  fhould'then, 
from  drowning,  &c.  find  great  extrava- 
fation,  and  no  recovery  could  be  effe&ed, 
and  we  fhould  have  reafon  to  exped  a reco- 
very in  thofe  cafes,  where  the  caufe  was 
fo  flight  as  to  require  feveral  hours  to  flop 
the  natural  actions  : but  as  we  are  able  to 
recover  long  after  breathing  has  ceafed  in 
that  difeafe,  which,  according  to  this  theory, 
muft  be  the  moll  violent ; and  as  we  fre- 
quently fail  of  recovering  from  common 
apoplexy,  even  during  refpiration ; it  cer- 
tainly proves  that  this  difeafe,  and  that 
which  takes  place  from  drowning,  are 
efl'entiallv  different. 

J 

It  has  been  advanced  by  fome  authors, 
that  the  mere  detention  of  the  veffels, 
without  any  extravafation  either  of  blood 
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or  ferurn,  is  fufficient  to  produce  apoplexy; 
and  this  is  the  fpecies  of  apoplexy  which 
has  been  fuppofed  to  be  produced  in 
drowning,  &c,  as  it  is  acknowledged  that 
no  extravafation  takes  place  in  the  head  : 
but  were  congeftion  alone,  in  thefe  cafes, 
the  caufe  of  death,  then  mu  ft  it  be  fup- 
pofed that  the  diftention  alone  of  the  veflels 
ads  much  more  violently  than  when  atten- 
ded with  adual  extravafation ; but  this  is 
an  opinion  not  only  difcountenanced  by 
probability,  but  alfo  flatly  contradided  by 
Valfalva  and  Morgagni  on  the  ftubborn 
faith  of  numerous  fads.  The  latter  obferves 
« that  thofe  cafes  are  the  moft  violent,  and 
<c  much  the  fooneft  mortal,  which  have 
“ their  origin  from  extravafation  within 
“ the  cranium,  we  not  only  have  daily 
44  proofs  of  ourfelves,  but  it  has  alfo  been 
44  frequently  obferved  by  others.” 
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It  would  therefore  appear  that  though 
the  veffels  of  the  head  were  fully  diftended 
in  drowning,  hanging,  and  fuffocation,  this 
diftention  could  not  here  be  confidered  as 
the  immediate  caufe  of  death,  fince  at  moft 
it  can  produce  but  a very  mild  fpecies  of 
apoplexy ; for  even  when  extravafation  fol- 
lows, the  adtions  of  life  generally  continue 
for  hours  ; while  in  drowning,  &c.  it  is 
needlefs  to  repeat,  the  natural  functions  are 
in  a few  minutes  abohlhed. 

There  Hill  remains  one  obfervation, 
which  proves  the  improbability  of  apoplexy 
happening  from  drowning,  &c.  and  that  is, 
that  no  accumulation  of  blood  can  be  formed 
even  at  the  right  fide  of  the  heart,  prior 
to  the  commencement  of  the  collapfe  of 
the  lungs;  but  as  foon  as  this  obftrudts 
the  circulation,  then  the  blood  receives 
but  an  imperfect  change;  and  is  therefore, 
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in  a great  meafure,  deprived  of  its  eficn« 
tial  quality.  From  this  circumftance  it 
will  no  longer  be  capable  of  keeping  up 
the  full  and  natural  a&ion  of  the  heart  and 
arteries ; and  as  the  carotid  and  vertebral 
arteries  will  alfo  have  their  action  propor- 
tionally diminilhed,  the  impetus  of  the 
blood  to  the  head  muft  thereby  be  checked, 
and  confiderably  enfeebled.  Thefe  confide- 
rations  induce  me  to  believe  that  apoplexy 
can  only  happen  where  the  blood  receives  its 
proper  ftimulus  from  the  air  to  fupport  the 
adtion  of  the  heart  and  arterial  fyftem, 
and  where  an  obftrudtion  exifts  to  its  free 
return. 

“t  ' * 

In  apoplexy  that  proceeds  from  diften- 
tion  of  the  flomach,  and  other  caufes,  the 
blood  continues  to  receive  its  due  ftimulus 
from  the  air  ; while,  for  want  of  a fufficient 
expanfion  of  the  lungs,  (the  diaphragm 
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not  being  allowed  a proper  defcent,J  an 
obftruaion  arifes  to  the  free  return  of  the 
blood,  which  occalions  the  difeafe.  But, 
even  in  this  fuppolition,  death  might  not  be 
the  ponfequence,  at  lead  for  many  hours, 
if  at  all ; although  the  veffels  of  the  head 
might  have  been  fully  diftended,  and  that 
by  the  natural  aftion  of  the  carotid  and 
vertebral  arteries  ; but  as  in  drowning,  &c. 
thefe  veffels  are  foon  deprived  of  their 
wonted  ftimulus,  no  injury  whatever  can 
happen  to  the  brain. 

From  thefe  obfervations,  we  trull  it  has 
been  proved  not  unfatisfa&orily,  that 
apoplexy  never  happens  in  drowning,  &c. 
But  there  is  an  experiment,  which  mull 
always  fuperfede  argument,  that  feems  to 
difprove  the  exiftence  of  apoplexy. 

This  experiment  has  been  mentioned 

’ before, 


( 142  ) 

before,  to  prove  a different  fait ; but  as 
it  is  one  that  ferves  our  prefent  purpofe, 
the  repetition  of  it  will  therefore  be 
excufed. 

EXPERIMENT. 

The  trachea  of  a dog  was  laid  bare,  and 
fecured  by  a ligature,  and  this  was  endea- 
voured to  be  performed  at  the  inftant  an 
infpiration  was  made;  in  lefs  than  four 
minutes  he  ceafed  to  ftruggle.  On  exa- 
mining the  heart,  we  found  the  quantity 
of  blood  in  the  left*  when  compared  to 
that  of  the  right,  as  thirteen  to  twelve. 
A portion  of  the  cranium  w?as  removed, 
and  the-  veins  of  the  head  were  evidently 
lefs  diftended  than  natural. 

Here,  then,  there  being  no  obftrudlion 
to  the  pafiage  of  the  blood  through  the 

lungs, 
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l„no-s,  it  could  not  be  collefled  in  the  right 
fide  of  the  heart,  and  confequently  no 
accumulation  was  found  in  the  head,  and 
yet  this  animal  died  as  Toon  as  other  ani- 
mals from  ordinary  hanging ; which  car- 
ries convidtion  to  my  mind,  that  apoplexy 
forms  no  part  of  the  difeafe. 

• As  a further  teftimony,  however,  in  fa- 
vour of  this  opinion,  the  following  expe- 
riment was  made. 

EXPERIMENT. 

The  two  carotids  of  a Dog  were  fecur- 
ed  *,  and  in  half  an  hour  after  this 

* This  experiment  of  tying  up  the  carotids  in  Dogs 
has  been  made  both  by  Dr.  Haighton,  and  Mr.  Cooper, 
in  order  to  afcertain  the  effefts.  I have  alfo  often  taken 
up  both  carotids  in  horfes,  to  remove  flaggers  and  other 
difeafes  of  the  head,  without  the  fmalleft  inconvenience 
to  the  natural  functions  of  the  animal, 
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operation  he  was  hanged.  In  lefs  than  four 

minutes  he  ceafed  to  move;  on  removing 

o 

a large  portion  of  the  cranium,  the  veffels 
were  found  much  lefs  diftended  than  in 
er dinary  death . 

From  this  experiment,  as  the  principal 
fource  of  fupply  was  cut  off,  inftead  of  the 
veffels  of  the  brain  being  in  a date  of  con- 
geftion,  the  quantity  of  blood  they  contained 
muft  have  been  lefs  than  natural,  and  con- 
fequently  no  fpecies  of  apoplexy  could  fol- 
low. Yet  this  animal  died  as  foon  as 
other  animals  which  had  undergone  no 
fuch  operation. 

Dr.  Crawford’s  experiments  evince,  that 
when  an  animal  is  placed  in  a warm  me- 
dium, the  venous  blood  becomes  nearly 
florid. 

With 
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With  a view  to  afcertain  if  an  animal 
could  be  drowned,  and  the  blood  in  the 
left  fide  of  the  heart  {till  retain  a florid 
appearance,  the  following  experiment  was 
made. 


EXPERIMENT. 

A Kitten  was  immerfed  in  a warm  me- 
dium, a little  above  its  own  temperature, 
and  permitted  to  breathe  under  a large 
glafs-bell  for  twenty-four  minutes : it  was 
then  drowned  in  the  fame  medium. 

On  opening  the  cheft,  it  was  found  that 
the  blood  in  both  fldes  of  the  heart  was 
fomewhat  florid,  and  yet  this  animal  died, 
which,  according  to  Dr.  Goodwyn,  fhould 
not  have  happened.  But  the  caufe  of  this 
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animal’s  death  can  be  readily  explained ; 
for  the  collapfe  of  the  lungs  was  here  of 
courfe  the  fame  as  in  common  drowning, 
and  from  it  arofe  the  immediate  caufe  that 
fufpends  the  circulation.  But  there  was  flill 
another  power  operating  upon  this  animal 
to  deftroy  life ; for,  from  the  intenfe  heat 
and  denfity  cf  the  medium,  in  which  the 
animal  was  placed,  it  was  compelled  to 
have  recourfe  to  the  procefs  of  generating 
cold,  in  order  to  refift  the  effects  of  this 
exceffive  flimulus  • and  the  ad  of  repelling 
heat  invariably  renders  the  powers  of  the 
animal  lefs  fufceptible  of  adion:  moreover, 
the  power  of  generating  cold  by  evaporation 
was  here  denied.  Notwithftanding,  there- 
fore, that  the  blood  in  the  left  fide  of  the 
heart  might  be  florid,  yet  the  fufceptibi- 
lity  of  adion  being  feeble,  the  quality  of 
this  blood  was  mfufficient  to  fupport  irrita- 
, bility. 
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It  is  worthy  of  remark,  that  in  this  and 
in  every  fimilar  experiment,  the  heart  had 
lefs  action  than  ufual,  although  the  blood 
had  this  florid  appearance  ; which  clearly 
demon  ft  rates,  that  much  heat  diminifhes 
irritability,  and  this  effeft  is  probably  pro- 
duced by  the  quick  adtion  which  exceftive 
heat  invariably  excites,  and  the  debility 
confequent  on  the  endeavours  to  refift 
heat.  Hence  it  follows,  that  although  the 
blood  might  poftefs  latent  fire  in  abundance, 
and  what  in  health  when  rendered  fenfible 
would  have  been  a proper  ftimulus,  yet, 
from  the  folids  not  being  fufceptible  of 
adtion,  life  could  not  be  fupported.  The 
ultimate  effeff  of  all  violent  ftimuli  muft  be 
that  of  a fedative  ; thus  heat,  (which  is  one 
of  the  moft  powerful  ftimuli  in  nature,) 
when  applied  to  a certain  degree,  adts  as  a 
perpetual  ftimulus  ; but  if  this  be  carried  to 
excefs,  the  final  effedt  will  be  extreme  de- 
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bility  and  death.  This  is  likewife  the  ef- 
fect of  the  ufe  of  fpirituous  liquors,  &c.  a 
certain  quantity  will  produce  a Simulating 
effedf,  without  diminifhing  the  powers 
of  the  animal ; hut  increafe  it  beyond  this, 
and  debility  will  be  the  confequence. 

It  has  been  feveral  times  remarked, 
from  the  refult  of  repeated  experiments, 
that  where  the  collapfe  of  the  lungs  was 
removed  after  breathing  had  ceafed,  the 
circulation  went  on  freely  through  the 
lungs,  and  diftended  the  left  fide  of  the 
heart  ; but  when  the  collapfe  exifted,  the 

i 

left  was  not  diftended  : which  evidently 
proves  that  the  collapfe  of  the  lungs  is  the 
immediate  caufe  of  the  ceffation  of  circulation , 
and  not,  as  Dr.  Goodwyn  fuppofes,  the 
prefence  of  black  blood  in  the  left  fide  of  the 
heart ; nor,  as  has  been  fuppofed  by  others, 
from  want  of  motion  in  the  lungs. 


We 
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We  do  not,  however,  confider  the  col- 
lapfe  of  the  lungs  as  forming  the  whole  of 
the  -proximate  caufe  of  the  difcqfe  ; as,  by 
the  removal  of  the  collapfe,  the  right  fide 
of  the  heart  is  merely  enabled  to  empty 
itfelf,  and,  by  the  vis  d ter  go , to  produce 
an  action  in  the  left.  But  before  the  pro- 
cefs  of  circulation  can  be  completed,  the 
animal  muft  be  provided  with  blood  pof- 
feffing  an  increafed  quantity  of  latent  fire, 
as  not  only  the  left  fide  of  the  heart,  but 
the  whole  fyftem,  wants  blood  of  this  qua- 
lity; fince  in  the  foetal  circulation,  the 
chanse  is  received  before  it  reaches  the 
heart,  and  both  fides  have  a like  ftimulus. 
As  the  heart,  however,  in  the  adult  muft 
be  the  origin  of  circulation,  fo  it  is  neceffary 
that  the  alteration  fhould  be  made  imme- 
diately, before  the  blood  enters  one  of 
thefe  cavities  ; whereas,  in  the  fcetus,  the 
heart  not  being  the  origin  of  circulation, 
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the  change  is  given  to  the  blood  in  the  cells 

of  the  placenta. 

■ 

There  would  appear  a finking  impro- 
priety in  faying,  that  the 'black  blood  in  the 
left  fide  of  the  heart  and  arterial fyjlem  was 
the  proximate  caufe  of  the  difeafe , as  this 
blood  cannot  be  changed  until  it  has  run 
the  courfe  of  the  circulation,  and  returned 
to  the  lungs ; and  that  cannot  be  effected 
without  a previous  removal  of  the  obftruc- 
tion  formed  by  the  collapfey  and  Exciting  the 
left  to  contract  on  its  black  blood\  but  even 
if  the  necefTary  change  could  be  given 
during  the  exigence  of  collapfe,  the  lungs 
could  not  allow  a fufficient  quantity  of 
blood  to  pafs  through  them,  to  keep  up  the 
natural  fundi  ions  of  the  animal. 

fhe  proximate  caufe , therefore,  of  that 
difeafe  produced  by  drowning , hanging , and 
6 fuffocalion , 
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fiuffocatm , feems  to  be  mechanical  ohJiruBion 

in  the  interior  pulmonary  vejfels  from  col- 
late of  the  lungs , with  a want  of  latent  fire 
in  the  blood.  Remove  this  collapfe,  and 
induce  the  neceffary  change  on  the  blood, 
and  you  cure  the  difeaie. 

Having  thus  far  attempted  to  eftablilh  the 
proximate  caufe,  we  are  naturally  led  to 
inquire  into  the  ufual  remedies  employed 
in  this  difeafe ; and  to  feleft  fuch  as  ap- 
pear to  be  the  bed  calculated  to  pioduce  a 
falutary  effect. 
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section  vi. 

Effctfs  of  Emetics  in  fufpended  Refpiration . 

The  proximate1  caufe  that  refults  from 
the  fufpenfion  of  relpiration  in  drowning, 
hanging,  and  fuffocation,  vve  have  fup- 
pofed  to  be  mechanical  obftruCtion  in  the 
lungs,  with  a decreale  of  flimulus  in  the 
blood.  The  remedies  employed  to  remove 
the  difeafe  are  as  numerous  and  different  as 
the  theories  advanced  to  explain  it ; but,  of 
them  all,  emetics,  with  which  we  be°-in 

O * 

are  perhaps  the  mod:  ineffectual;  their  ad- 
miniflration  muff  even  be  attended  with  no 
inconfiderable  injury,  if  had  recourfe  to 
>-*  before  the  action  of  the  vital  functions  is 
reftored,  and  even  then  fhould  be  regu- 
lated 
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✓ 

lated  by  a ferious  and  vigilant  regard  to 
particular  circumftances. 

No  falutary  effe&s  can  be  expedted  from 
vomits,  but  in  cafes  where  the  precedes 
of  refpiration  and  circulation  have  been 
re-eftablifhed,  and  where  inquiry  informs 
us  that  the  domach  has  been  overbur- 
dened either  with  food  or  fpirituous  li- 
quors. In  thefe  cafes  there  may  be  no 
impropriety  in  emptying  the  ftamach  to 
facilitate  the  defcent  of  the  diaphragm  in 
infpiration ; but  to  commence  by  the  exhi- 
bition of  emetics  mud:  be  highly  improper, 
as  the  adtion  and  energies  of  the  heart, 
from  its  fympathy  with  the  domach,  mud 
thereby  be  confiderably  debilitated.  And 
even  admitting;  no  fuch  debilitating;  effedts 
took  place,  every  attempt  to  empty  the 
domach  mud:  necedarily  be  futile  until 
the  nervous  energy  be  redored  in  a very 
i fenfible 
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fenfible  degree,  when  they  may  be  exhi- 
bited to  more  advantage. 

To  afcertain,  however,  with  fome  de- 
gree of  precifion,  the  effects  of  a powerful 
emetic,  the  following  experiment  was 
made. 

EXPERIMENT. 

A Puppy  was  drowned,  and  after  all 
flruggling  had  ceafed,  one  drachm  of  eme- 
tic tartar,  diflolved  in  two  ounces  of  water, 
was  inje&ed  into  its  ftomach.  The  lungs 
were  then  inflated,  and  other  means  of 
recovery  employed,  until  the  animal  made 
an  effort  to  infpire ; foon  after  which  it 
appeared  perfectly  recovered. 

>ol 

In  feven  minutes  from  its  apparent  re- 
covery it  began  to  vomit;  in  twelve  to 

purge; 
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purge  ; and  continued  frequently  to  vomit 
and  purge  for  one  hour  and  feventeen 
minutes,  when  it  died. 

On  examining  the  ftomach,  it  was  found 
empty,  but  without  the  fmalleft  appearance 
of  inflammation. 

As  a temporary  recovery  was  effe&ed  in 
this  animal  where  fo  ftrong  a dofe  of  poifon 
had  been  adminiftered,  and  that  without 
producing  any  inflammation,  it  was  deemed 
requiflte  to  introduce  the  fame  quantity  of 
emetic  tartar  into  the  ftomach  of  another 
poppy  during  the  healthy  addons  of  the 
animal,  in  order  to  determine  if  the  effeds 
were  fimilar. 

The  experiment  was  made  in  the  follow- 
ing manner. 


experiment. 
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EXPERIMENT. 

Into  the  fiomach  of  a Puppy  of  the 
fame  litter  as  that  of  the  laft  experiment, 
was  introduced  one  drachm  of  emetic  tartar, 
while  its  natural  aflions  remained  unim- 
paired; in  two  minutes  it  appeared  faint ; 

•• 

m lefs  than  four  vomited  ; in  eleven  purged  ; 
and  in  fifty-three  minutes  died. 

The  fiomach,  as  in  the  laid:  experiment, 
was  found  empty,  but  the  whole  internal 
coat  was  nearly  in  a Jlate  of  gangrene . 

The  refult  of  thefe  experiments  exhibits 
a truly  remarkable  circumfiance,  that  an 
animal  may  be  drowned,  afterwards  have 
poifon  injected  into  its  fiomach,  and  yet 
be  recovered  and  continue  to  live  longer 

O 

than 
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than  another  of  the  fame  order  and  age, 
which  had  received  the  fame  quantity  of 
poifon  in  full  health.  It  tends,  however, 
to  evince  and  afcertain  one  fad,  that  me- 
dicines introduced  into  the  flomach  do  not 
produce  the  fame  effed  when  refpi ration 
and  circulation  are  fufi  ended,  as  when  thefe 
fun  Elions  are  duly  carried  on  : and  this 

circumftance  fomewhat  accounts  for  a 
phenomenon  which  before  to  me  appeared 
extraordinary,  that  a recovery  fliould 
. fometimes  be  efFeded,  even  after  emetics, 
tobacco,  &c.  have  been  adminiffered  in 
quantities  fufficient  utterly  to  deftroy  the 
life  of  the  fame  fubjed  if  given  in  full 
health. 

It  may,  however,  at  firft  be  doubted, 
whether  medicines  that  poffels  a ledative 
property,  like  tobacco,  would  not  produce 
their  erreateft  efFed  on  an  animal  whofe 
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powers  were  wea-keft,  and  confequently 
deftroy  the  irritability  of  an  animal  already 
debilitated  by  drowning,  &c.  much  fooner 
than  an  animal,  the  vigour  of  whofe  powers 
remained  undiminifhed. 

To  afcertain  this  point  the  following 
experiment  was  made. 

EXPERIMENT. 

A Puppy  of  about  a fortnight  old  was 
drowned,  and  after  all  motion  had  ceafed, 
a ftrong  infufion  of  tobacco  (one  drachm 
to  two  ounces  of  boiling  water,  and  buf- 
fered to  cool)  was  thrown  into  its  fto- 
mach ; the  ufual  means  of  recovery  were 
then  employed  : in  fifteen  minutes  it  made 
an  effort  to  infpire,  and  foon  breathed  to- 
lerably well,  but,  in  lefs  than  ten  minutes 
after,  it  died. 


EXPERIMENT, 
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EXPERIMENT. 

An  equal  quantity  of  an  equally  flrong 
infufion  of  tobacco  was  intioduced  into  the 
ftomach  of  another  Puppy  of  the  fame 
age  ; it  immediately  fell  motionlefs  on  the 
c-round,  and  in  lefs  than  four  minutes 

expired. 

Thefe  experiments  feem  to  prove  that, 
whether  medicines  have  a powerful  fhmu- 
lant  or  narcotic  quality,  their  eiiedts  aie 
dimini/hed  in  proportion  as  the  powers  of 
the  animal  are  decreafed. 

That  medicines,  however,  do  produce 
fome  effect  before  refpiration  is  leftoied, 
has  been  confirmed  by  the  following  ex- 
periments. 


experiment. 
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experiment. 

A fmall  Puppy  was  drowned,  and  the 
cheft  being  immediately  opened,  the  heart 
was  obferved  to  contrad  flrongly.  Six 
drachms  of  laudanum  were  thrown  into  its 
ftomach,  and  there  followed  almoft  an 
inftantaneous  diminution  of  the  adion  of 
the  heart. 

This  experiment  was  repeated,  by  in- 
jeding  white  vitriol,  emetic  tartar,  infufion 
of  tobacco,  &c.  into  the  ftomacb,  at  a time 
wheif  the  heart  was  expofed  to  view  ; and 
thefe  were  alfo  found  to  check  the  force 
and  frequency  of  its  contradions,  but  par- 
ticularly tobacco.  As  it  therefore  appears 
that  in  this  difeafe  fympathetic  effeds  con- 
tinue to  arife  from  the  application  of  im- 

preflions 


prefiions  to  the  fympathifing  organs,  it 
will  at  once  appear  obvious,  that  any  me- 
dicine introduced  into  the  ftomach  which 
is  likely  to  lefien  the  power  of  the  heart, 
muft  be  attended  with  confequences  highly 
detrimental;  and  that  brandy,  on  the  con- 
trary, or  any  other  warm  cordial,  which  is 
known  to  increafe  the  acftion  of  the  heart, 
(probably  in  thefe  circumftances  without 
diminifhing  its  power,)  fhould  only  be  em- 
ployed. 


To  confirm  this  opinion,  w’e  proceeded 
to  the  following  experiment. 


EX  PER  I ME  N T. 

A Dog  was  hanged,  and  the  heart  being 
expofed  to  view,  one  ounce  of  brandy 
was  thrown  into  its  ftomach  ; the  adtions 
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of  the  heart  were  foon  quickened,  and  each 
contraction  appeared  more  forcible  than  be- 
fore the  exhibition  of  this  fiimulus. 

This  experiment  we  frequently  repeat- 
ed, by  increafing  the  quantity  of  fpirit  to 
fix  ounces  and  upwards ; and  it  was  found 
that  fo  large  a quantity  quickened  the 
adlions  of  the  heart  extremely,  but  they 
were  feeble  and  of  (hort  duration. 

From  thefe  experiments,  however,  we 
can  draw  only  this  inference,  that  a fmall 
quantity  of  fpirits  here  increafed  both  the 
■power  and  atdion  of  the  heart , while  a large 
quantity  quickened  the  attion,  and  ex- 
haufied  the  powers.  But  the  analogy  will 
not  hold  good  with  the  human  fubjeCt  in 
this  particular  infiance;  for,  as  the  fio- 
mach  of  the  brute  is  not  accufiomed  to 
receive  lo  firong  a fiimulus  as  that  of 
y brandy, 
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brandy,  its  effe&s  will  be  different  in  degree . 
Indeed,  from  obferving  that  all  medicines 
produce  a lefs  effedl  after  refpiration  has 
ceafed  than  during  health,  it  is  probable 
that  fix,  or  even  eight  ounces,  thrown  into 
the  human  ftomach  would  not  increafe  the 
a&ion  of  the  heart  beyond  its  powers ; and 
thus  a cordial  of  fome  kind  becomes  one 
of  the  neceffary  remedies  in  this  difeafe. 
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SECTION  VII. 

Efebfs  of  bleeding . 

W e do  not  confider  bleeding  as  a dan- 
gerous remedy  in  every  cafe  of  fufpended 
refpiration  from  drowning,  hanging,  or 
fufFocationj  and,  were  it  poffible  to  take 

blood  from  the  part  where  we  know  it 

* 

fuperabounds,  bleeding  would  prove  one  of 
the  mold  immediate  and  efficacious  means 
of  recovery. 

The  risrht  fide  of  the  heart  has  been 

O 

found  to  be  loaded  with  blood.  This 
nniverfally  obtains  in  this  difeafe ; and  I 
mentioned  one  or  two  inftances  in  parti- 
cular, where  we  had  an  opportunity  of 
obferving  that  the  heart  ceafed  to  aft  from 


over 
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over  diftention : but  that,  when  relieved 
from  a portion  of  its  burden,  its  contractions 
were  immediately  renewed. 

* r * r 

If,  therefore,  from  the  right  fide  of  the 
heart,  while  thus  in  a flate  of  violent 
plethora,  a fmall  quantity  of  blood  could 
be  taken  ; experiment  and  obfervation  tell 
that  its  power  and  actions  would  be  in- 
ftantly  re-invigorated. 

But  as  this  lies  beyond  the  reach  of  art, 
the  taking  of  blood  from  any  other  part  of 
the  body  can  rarely  be  productive  of  any 
confiderable  benefit,  nor  can  it  be  employed 
with  advantage  but  in  fuch  cafes,  where, 
from  an  acquaintance  with  the  complexion 
and  habits  of  the  patients,  we  may  prefume 
that,  previous  to  the  accident  or  difeafe,  a 
general  plethora  prevailed. 
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It  may,  then,  be  ferviceable  to  dimimfh 
the  excefs  of  blood  that  loads  the  fyftem ; 
for,  when  the  right  fide  of  the  heart  has 
got  rid  of  its  prefent  diftention,  if  an  accu*. 
mulation  of  blood  prefles  in  every  diredtion 
on  the  orifices  of  the  two  cavze,  and 
thence  on  the  right  auricle,  it  muft  tend 
not  a little  to  enfeeble  or  wholly  deftroy 
its  adtion.  / 

V.  - 

. 

fyl' 
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A certain  quantity  of  blood  is  requifite ' 
to  the  fupport  of  the  proper  adtion  of  the 
heart ; but  any  thing  above  or  below  the 
ftandard,  will  produce  debility. 

Bleeding,  then,  fhould  be  only  employed 
where  the  fluids  appear  too  abundant. 

' When  the  operation  is  to  be  performed,  I 
concur  with  Mr.  Kite,  in  advifing  the  blood 

v 

to  be  taken  rather  from  one  of  the  jugu- 
lars ; not,  however,  that  we  expedt  much 

advantage 
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advantage  to  be  gained  by  taking  blood  from 
the  head  after  drowning  and  fuffocation ; 
but  as  there  is  here  a near  connexion  with 
the  fuperior  cava,  the  heart  would  fooner 
be  relieved,  than  where  it  is  drawn  from 

the  arm. 

After  hanging  there  will  be  a much 
more  frequent  occahon  for  blood-letting 
than  after  drowning  or  fuffocation,  lince 
the  cord  mu  ft  in  fome  meafure  prevent  the 
free  return  of  blood  by  the  veins , and  al- 
though we  have  endeavoured  to  prove  that 
apoplexy  can  never  happen,  yet  in  th6fe 
cafes  as  there  is  more  than  the  natural 
quantity  of  blood  in  the  head,  it  may  be  of 
fervice  to  lefTen  it.  But  the  quantity  of 
blood  in  the  head  will  much  depend  on  the 
weight  of  the  patient ; and,  as  bulk,  weighty 
and  general  plethoraa  are  united  frequently 
in  the  fame  perfon,  bleeding  in  fuch  cafes 
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is  very  neceflary  ; whereas,  if  the  patient  be 
tall  and  thin,  the  diftance  from  the  heart  to 
the  head  confiderable,  and  the  fyffem  rather 
to  want  blood,  bleeding,  even  after  han°-- 
ing,  would  perhaps  do  more  mifcbief,  by 
debilitating  the  fyffem,  than  advantage 
could  be  gained,  by  relieving  the  local 
plethora  of  the  head  and  heart ; for  if  the 
removal  of  the  local  plethora  tends  to  in- 
creafe  the  general  debility,  this  laft  difeafe 
is  more  dangerous  than  the  one  we  en- 
deavour to  remove. 

We  fhall  next  inquire  into  the  efte&s  of 
electricity,  together  with  thofe  of  artificial 
refpiration,  both  fingly  and  combined. 


SECTION 
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SECTION  VIII. 

EffeBs  of  Elefiricity  * and  Artificial 
Refplratlon. 

F ROM  ele&ricity,  as  it  has  hitherto  been 
recommended  and  employed,  conliderable 
indeed  muft  have  been  the  mifchief  that 
enfued.  Agreeably  to  the  method  that 
was  to  direCt  its  application,  it  was  to  be 
adminiftered  as  a local  and  general  ftimu- 
lant,  to  be  tranfmitted  through  every  part 
of  the  body,  the  heart,  brain,  and  fpinal 
marrow  ; and  in  all  cafes  where  electricity 
has  been  the  remedy  principally  relied  on,  it 
feemed  to  fuperfede  mod  of  the  other 
curative  operations,  but  particularly  that 
of  expanding  the  lungs.  From  attending, 

however, 


( 17°  ) 

however,  to  the  nature  of  the  difeafe  pro- 
duced by  fufpe-nded  refpiration  in  drown- 
ing, hanging,  and  fuffocation,  it  will  evi- 
dently appear,  that  Simulating  the  heart, 
without  at  the  fame  time  endeavouring  to 
remove  the  obSruftion  occafioned  by  a 
collapfe  of  the  lungs,  muft  be  one  of  the 
mod  ill-judged  and  moS  dangerous  plans 
of  recovery. 

I repeat,  there  is  a mechanical  impedi- 
ment to  the  pafiage  of  the  blood  through 
the  fmall  veffels  of  the  lungs  from  a col- 
lapfe of  the  air  cells.  This  alone  points 
out  the  danger  of  Simulating  the  heart, 
while  there  exiSs  a caufe  that  muS  im- 
pede its  a £lion.  We  are  deSroying  its 
irritability,  without  deriving  any  advantage, 
as  the  circulation  can  go  on  to  no  effedf, 
unle  is  the  obSru&ion  in  the  lungs  be  fir  ft 
removed. 


We 
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We  are,  by  this  plan  of  treatment,  ab- 
folutely  taking  away  life. 

Thofe  who  conceived  that  the  Jloppage 
of  the  motion  of  the  lungs  was  the  immediate 
caufe  of  the  ceffation  of  the  circulation,  and 
that  the  lungs  were  not  in  a (late  of  collapfe , 
were  led  to  recommend  {hocks  of  electricity 
to  be  paffed  through  the  heart,  &c.  with- 
out the  lungs  being  at  the  fame  time  ex- 
panded. It  has  been  advifed,  that  artificial 
refpiration,  as  well  as  electricity,  fhould  be 
frequently  interpofed ; and  that,  when  the 
body  is  electrified,  all  the  other  operations 
fhould  ceafe. 

But  as  it  has  been  proved,  by  experiment, 
that  in  this  difeafe  the  lungs  are  in  a Bate  of 
collapfe , and  that  the  circulation  is  {topped 
from  this  caufe,  and  not  from  the  want  of 
motion  in  the  lungs  ; it  appears  that  eleCtri- 

fying 
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fjing  the  heart  without  expanding  the 
lungs  muft  be  highly  detrimental.  Had 
it  been  afcertained  that  a collapfe  of  the  air 
cells  exifted,  I am  perfuaded  electricity  ap- 
plied to  the  heart  during  fuch  a ftate  of  the 
lungs  would  never  have  been  recommended. 
When  electricity  has  been  employed,  the 
lungs  have  fometimes  been  firft  expanded 
and  collapfe f and  fhocks  then  pafled  through 
the  heart,  brain,  and  fpinal  marrow  ; but 
i?i  this  cafe  the  lungs  being  at  the  fame 
time  contracted,  every  eleCtrical  fhock 
mull:  diminifh  the  power  of  the  heart.  Ar- 
tificial refpiration  has  alfo  been  employed 
after  electricity  ; but  this  fecond  effort  pro- 
mifes  lefs  probability  of  fuccefs  than  the 
firft ; for  the  heart  having  before  received  a 
ftimulus  fo  great  as  that  of  eledfricity,  it  is 

not  likely  that  the  minor  one,  viz.  that  of 

* 

the  mechanical  aCtion  of  the  lungs,  fhould 

have 
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have  the  fm  all  eft  effea.  And  as  the  heart 
may  not  naturally  aft  more  than  once  or 
twice  in  a minute,  there  are  many  chances 
to  one  that  thefe  contractions  do  not  hap- 
pen at  the  inftant  the  obftruftion  is  re- 
moved. 

Inflating  the  lungs,  and  immediately 
after  preffing  the  cheft,  is  faid  to  be  imi- 
tating natural  refpiration;  but  it  appears 
evident,  that  if  the  heart  has  not  been  ex- 
cited to  aftion  during  the  expanfion  of  the 
lungs,  this  mode  of  proceeding  is  very 
improper. 

Neither  is  this  procefs  an  imitation  of  na- 
ture ; for,  in  health,  the  lungs  always  con- 
tain a large  quantity  of  air,  and  we  only  ex- 
pel a little,  and  receive  in  proportion.  But,  if 
all  the  air  be  difeharged  as  foon  as  received, 
it  is  probable  that  the  heart  may  aft  when 

the 
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the  lungs  are  contracted,  and  which  action 
can  produce  no  falutary  effeCt. 

«* 

Whatever  view  the  operator  may  have., 
who  purfues  this  plan  of  treatment ; whe- 
ther he  fuppofes  a change  to  be  produced 
in  the  blood  within  the  auricle , or  whether 
he  experts  to  propel  the  blood  within  the 
lungs  into  the  left  fide  of  the  heart,  he  will 
be  equally  difappointed.  For  we  have  ob- 
ferved  that  no  change  can  be  produced  in 
the  trunks  of  the  pulmonary  veins  ; and  we 
have  alfo  found  that  if  any  alteration  in 
the  quality  of  the  blood  be  made  within  the 
lungs,  there  is  not  a fufficient  quantity  re- 
maining for  their  mechanical  aCtion  to  pro- 
pel this  blood  into  the  left  auricle. 

The  advantage  we  may  expeCt  from  in- 
flation is  this;  that  the  right  fide  of  the 
heart  may  aft  at  the  fame  time  the  lungs  are 

dijlended ; 
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£ ft  ended',  but,  furely,  fluttering  them  to  col- 

lapfe  as  Toon  as  inflated,  is  very  unlikely 

to  enfure  fuccefs,  when  the  heart  has  not 

been  {Simulated  by  eleCtricity  during  the  ex- 

pan flon  of  the  lungs.  Moreover,  as  the  air 

can  only  become  vitiated  but  by  the  aCtion 

of  the  heart  propelling  blood  into  the  lungs, 

there  appears  no  neceffity  of  performing  a 

complete  expiration  after  every  infpiration, 

unlefs  electricity  has  been  at  the  fame  inftant 
♦ 

employed. 

The  plan  of  treatment  likely  to  be  ufeful 
appears  to  be,  firft,  to  expand  the  lungs ; and. , 
when  the  collapfe  is  removed,  to  fiimulate  the 
heart  by  a Jhock  of  electricity.  The  heart 
from  this  ftimulus  may  be  made  to  contract ; 
there  is  a free  paffage  for  the  blood  and  air 
in  the  lungs  to  produce  a change  ; and,  if  any 
irritability  remains,  the  contractions  of  the 
heart  will  force  fome  blood  to  enter  the 

lungs. 
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lungs.  We  now  perfe&ly  collapfe  the 
lungs  to  convey  the  blood  into  the  trunks 
of  the  pulmonary  veins  and  left  auricle. 
The  lungs  fhould  be  again  immediately 
diftended,  and  kept  fo,  until  another  fhock 
be  pafied  as  before. 

It  has  been  obferved,  that  the  hearts  of 
fome  animals  in  fufpended  refpiration  have 
for  a time  the  power  of  fending  blood 
through  the  lungs,  without  removing  the 
collapfe  ; and  probably  in  man,  the  heart 
may  poffefs  a fufficient  degree  of  irritability 
to  perform  the  fame  functions  on  bging 
ftimulated  by  electricity.  But  without 
confidering  the  powerful  ftimulus  required 
to  effect  this,  and  the  debility  which  muft 
neceffarily  enfue,  let  us  inquire,  what  ad- 
vantages can  be  poffibly  gained  by  propel- 
ling blood,  during  the  collapfed  ftate  of  the 
air  cells  of  the  lungs,  from  the  right  fide  of 

the 


( i77  ) 

the  heart  to  the  left.  Allowing  this  could  be 
effected,  there  is  no  air  in  the  lungs  to  pro- 
duce any  chemical  alteration  on  the  quality 
of  the  blood;  and  if  the  left  auricle  and  ven~ 
tricle  were  in  part  emptied  and  again  dif- 
tended  with  a fluid  equally  foreign  to  the 
wonted  flimulus,  their  power  muft  every 
time  be  diminifhed,  and  confequently  the 
right,  at  each  contradlion,  require  a flronger 
flimulus  to  produce  the  fame  effedt ; and  the 
left  finding  an  increafing  difficulty  in  pro- 
pelling its  contents,  the  right  would  be  lefs 
capable  of  overcoming  the  collapfe. 

This  power,  therefore,  could  only  con- 
tinue for  a fhort  time,  and  during  its  exig- 
ence no  better  effedt  could  be  produced 
from  blood  pafling  through  the  lungs 
' without  receiving  a change  from  the  air , 
than  when  propelled  by  fridtion  from  any 
other  artery  into  a vein. 
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If  no  electrical  machine  can  be  procured, 
the  manner  of  carrying  on  artificial  refpi- 
ration  fhould  be  altered  ; the  lungs  are  to 
be  expanded  ; and,  inftead  of  comprefling 
the  air  out  as  foon  as  received,  they  are  to 
be  kept  in  a date  of  moderate  expanfion 
for  about  a minute  ; fo  that,  if  the  heart 
aCts  during  this  period,  there  may  be  no 
obflrudtion  to  the  paflage  of  the  blood. 

It  has  been  already  obferved  that  the 
lungs  in  ordinary  refpiration  have  no  active 
power  in  propelling  blood  through  them  in 
health.  But  it  feems  in  the  recovery  they 
may  aflifl  by  their  aCtion;  for  when  the 
heart  poflefles  only  power  Sufficient  to  fend 
blood  within  the  lungs,  without  being  able 
to  propel  it  to  the  left  heart,  producing  an 
artificial  collapfe  will  empty  the  interior 
pulmonary  veflels  of  the  blood  they  have 
received,  and  excite  the  left  auricle  and 

ventricle 
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ventricle  to  contraction.  That  the  lungs 
will  here  produce  this  effeCt  there  can  be 
no  doubt,  fince  we  find  a greater  quantity 
of  blood  in  them  when  diflended  than  col- 
lapfed ; and  hence,  by  comprefling  the  lungs, 
they  muft  a£t  upon  all  the  blood  they  have 
received  fince  the  laft  expiration. 

Care,  however,  lhouldbe  taken,  that  the 
collapfe  is  never  buffered  to  continue ; for 
the  heart  may  a6t  at  this  period,  and  then 
without  effect ; fo  that  the  adt  of  infpira- 
tion  in  every  inftance  fhould  be  performed 
immediately  after  the  laft  complete  expi- 
ration. 

During  the  whole  procefs  of  the  treat- 
ment, from  the  fir/t  attempt  to  effedt  a 
recovery,  the  lungs  fhould  never  be  buffer- 
ed to  remain  collapfed,  that  other  cura- 
tive means  may  be  employed.  Without 
' N 2 this 
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this  precaution  we  render  abortive  all  our 
endeavours  to  remove  the  caufe  of  the 
difeafe  ; for  this  end  not  previoufly  attained, 
what  rational  hope  or  dependance  can  be 
placed  in  the  application  of  any  remedy  ? 

Jnftances  of  recovery  have  not  been 
wanting  where  the  lungs  were  not  inflated ; 
but  in  fuch  it  mud  be  attributed  to  an  un- 
extinguifhed  energy  of  the  living  principle, 
which  continued  in  fome  degree  to  enable 
the  mufcles  of  infpiration  to  a<5t  fo  as  to 
afford  admittance  to  a portion  of  air. 

Does  it  not  appear  probable  that  the  dif- 
ference of  fuccefs  which  marks  the  cafes 
reported  by  the  Humane  Society,  m which 
the  fame  method  of  cure  was  obferved, 
may  depend  in  a great  meafure  on  the 
heart’s  acting,  or  not  acting,  during  the  * 
expanfion  of  the  lungs  ? Some  patients  were  ^ 

irrecoverable 
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irrecoverable  after  refpiration  had  been 
flopped  for  only  one,  two,  and  three  mi- 
nutes ; whilft  the  recovery  of  others,  who 
had  remained  more  than  half  an  hour  un- 
der water,  was  effected  by  a fimilar  mode 
of  treatment. 

The  variation  of  the  degrees  of  irritabi- 
lity in  the  fame  order  of  animals  is  found 
to  be  confiderable  ; but  it  appears  impro- 
bable, that  one  fhould  be  deftroyed  from  a 
caufe  which,  thirty  times  multiplied,  is  in- 
fufficient  to  take  away  life  from  another 
apparently  under  the  fame  circumftances. 
In  one  cafe  where  I was  prefent  as  a fpec- 
tator,  the  body  had  not  been  long  under 
water;  yet  all  the  endeavours  to  reftore  life 
proved  unfuccefsful.  The  failure  of  fuc- 
cefs,  however,  in  this  unfortunate  cafe  was 
evidently  occafioned  by  the  means  and  me- 
thod purfued  to  obtain  a recovery.  The 
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fmoke  of  tobacco  blown  np  the  reCtum, 
friChons,  and  inflations  of  the  lungs,  were 
firfl  employed  for  about  ten  minutes,  when 
the  two  latter  were  fufpended  to  allow  the 
admin  id  ration  of  electricity.  This  ftimu- 
lus  was  applied  by  palling  fmart  fhocks 
through  the  heart,  brain,  and  fpinal  mar- 
row ; in  fa 61,  the  whole  body  was  electri- 
fied. The  mufcles  through  which  it  was 
conduced  contracted  powerfully.  The 
fhocks  were  repeated  with  fanguine  hopes 
of  fuccefs,  but  the  contractions  gradually 
became  more  feeble,  and  in  about'  two 
hours  were  totally  abolifhed. 

I ' r 

Artificial  fefpiration,  with  fridions,  was 
again  attempted,  but  to  no  effeCt.  It  is 
obvious  that  in  this  cafe  a confiderable  de- 
gree of  the  vital  energy  was  prefent,  but 
ablolutely  deftroyed  by  the  means  employed 
to  re-eftablilh  it ; for  as  the  proximate  caufe 
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ot  the  difeafe  was  not  removed,  every  aCtion 
of  the  heart  increafed  the  debility.  But 
had  the  collapfe  of  the  lungs  been  taken 
away  when  the  heart  had  been  Simulated, 
far  different  indeed  might  have  been  the 
effedts  ; no  impediment  would  then  have 
exifted  to  the  paffage  of  the  blood  through 
the  lungs,  and  it  would  have  imbibed  from 
the  air  its  neceflary  portion  of  heat. 


Inflating  the  lungs  and  electrifying  the 
heart  at  the  fame  inftant,  may  at  fir  ft  view 
be  thought  difficult  ; but  it  will  be  found 
that  proper  inftruments,  conftruCted  for  the 
purpofe,  will  make  this  an  eafy  procefs. 

We  have  obferved  before,  that  collapfing 
the  lungs,  as  foon  as  diftended,  is  not  imi- 
tating  natural  refpiratiori.  Air  blown  from 
the  mouth  of  another  muft  be  highly  im- 
proper, as  being  robbed  in  fome  meafure 
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of  its  purity  ; and  if  a pair  of  bellows  be 
uled,  it  will  employ  three  perfbns,  one  to 
inflate,  another  to  fecure  the  noftrils  and 
mouth,  and  a third  to  prefs  on  the  cricoid 
cartilage  and  cheft  in  expiration.  Never- 
thelefs,  where  no  other  inflruments  are  at 
hand,  a pair  of  bellows  may  be  found  very 
ufeful. 

But  there  are  two  difadvantages  attending 
every  inftrument  introduced  into  the  nof- 
trils ; fir/f,  the  epiglottis  obftrufts  the  free 
paflage  of  the  air;  and  part  of  the  air, 
which  cannot  be  prevented  by  prefling 
on  the  cricoid  cartilage,  will  often  enter  the 
flomach  ; for  although  preffure  applied  here 
may  prevent  moft  liquids  from  pafling,  yet 
fo  fubtle  a fluid  as  air  blown  with  force, 
may  make  its  way  into  the  flomach.  The 
air  is  not  likely  to  produce  mifchief  from 
its  quality,  but  from  the  mechanical  effect 

of 
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of  preventing  the  lungs  from  expanding. 
Refpiration  in  health  is  often  impeded  in 
confequence  of  the  diaphragm  in  the  aft 
of  infpiration  being  obdrudted  by  the  fto- 
mach  ; and  the  other  mufcles  not  being  able 
of  themfelves  fufficiently  to  enlarge  the 
cheft,  the  right  fide  of  the  heart  is  prevented 
from  adling  with  its  ufual  eafe  ; and  hence 
a diftention  of  the  ftomach  from  air  mud; 
be  attended  with  the  fame  effedl  *. 

Mr.  Hunter  has  contrived  a double  pair 
of  bellows  with  two  valves,  fo  that  one 
(hall  perform  the  office  of  infpiration,  and 
the  other  that  of  expiration,  and  thefe  are 

* From  want  of  proper  inftruments  I once  faw  the 
ftomach  and  the  whole  inteftinal  canal  very  much 
diftended,  and  a rupture,  under  which  the  patient  labour- 
ed, was  alfo  confiderably  enlarged  ; but  the  major  part 
of  the  air  may  at  any  time  be  difperfed,  by  preffing  on 
the  abdomen. 

adapted 
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adapted  to  an  inftrument  which  is  to  be 
introduced  into  the  trachea,  after  broncho- 
tomy  has  been  performed. 

This  is  certainly  a good  contrivance,  but, 
from  want  of  portability,  they  have  rarely 
been  employed. 

Dr.  Monro  has  invented  an  inftrument 
to  be  introduced  into  the  trachea,  in  the 
form  of  a common  male  catheter.  * This  is 
mentioned  by  Mr.  Kite  ; but  its  ufe  is  only 
recommended  on  particular  occalions  : and 
it  would  feem  that  the  infertion  of  this 
inftrument  into  the  windpipe  could  not 
anfwer  the  purpofe  fo  well  as  at  fir  ft  might 
be  expeded ; for,  when  introduced,  the 
inferior  orifice  would  be  thruft  asjainft  one 
of  the  fides  of  the  trachea,  and  the  curve 
prefting  on  the  other  would  form  an  ob-  .3 
ftrudion  to  the  air.  . • 

There 
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There  alfo  arifes  a great  difficulty  in  in- 
troducing this  inftrument,  moie  efpecially 
to  thofe  who  have  not  been  in  the  habit 
of  employing  it,  as  no  guide  is  given 
by  which  we  may  know  whether  it  be  in- 
ferted  into  the  larynx  or  pharynx  ; and  as 
the  aperture  of  the  latter  is  fo  much  larger 
than  that  of  the  former,  it  would  rather 
glide  into  the  oefophagus  than  into  the  tra- 
chea, and  thus  inflate  the  ftomach  inftead 
of  the  lungs.  The  ill  confequences  arifing 
from  fuch  a miftake  are  fufficiently  obvious; 
and,  to  guard  againft  fo  fatal  -an  error,  the 
following  inftrument  is  recommended. 

'(  ’ ' 

As  it  has  been  deemed  requifite  to  intro- 
duce fome  ftimulating  cordial  into  the  fto- 
mach,a  vegetable  bottle  (Fig.  7.)  is  contriv- 
ed for  this  purpofe,  which  is  to  be  attached 
to  the  flexible  tube,  (Fig.  6.  at  b.)  and  in- 
troduced down  the  oefophagus ; and  on  this 

tube 
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tube  is  placed  a conical  piece  of  ivory, 
(cc)  that  is  moveable,  to  ferve  as  a direc- 
tor for  the  introduction  of  the  pipe  into 
the  trachea. 

The  vegetable  bottle  being  filled,  the 
tube  is  to  be  inferted  three  or  four  inches 
into  the  oefophagus,  and  the  conical  piece 
of  ivory  is  then  to  be  carried  onward  by 
the  affiftance  of  the  forefinger,  fo  as  to 
clofe  the  fuperior  aperture  of  the  oefo- 
phagus. 

Having  proceeded  thus  far,  the  tongue  is 
to  be  brought  as  forward  as  poflible,  and  the 
inferior  end  of  the  curved  pipe  (Fig.  the  i.) 
pafl~ed  to  the  farther  part  of  the  mouth, 
until  it  meets  with  the  ivory  director.  The 
pipe  being  then  brought  a little  forward, 
the  fuperior  extremity  is  to  be  elevated,  by 
which  means  the  inferior  will  be  depreffed, 

and 
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and  with  eafe  enter  the  trachea:  for,  as 
the  entrance  of  the  oefophagus  is  fituated 
immediately  behind  the  larynx,  and  as  the 
pipe  is  prevented  from  entering  here  by  the 
ivory  diredor,  it  mu  ft  pafs  into  the  air-tube; 
fo  that  the  vegetable  bottle  and  its  appen- 
dages anfvver  a double  purpofe,  that  of  in- 
o 

jeding  fluids  into  the  ftomach,  and  as  a 
o-uide  to  the  introduction  of  the  other 
inftrument. 

The  * pipe  for  the  trachea  is  much 
larger  and  longer  than  thofe  ufually  em- 
ployed, and  the  great  curve  is  given  to  the 
fuperior,  inftead  of  the  inferior  part ; from 
which  refults  this  advantage,  that  when  it 
is  fixed  in  the  trachea,  it  will  be  nearly  in  a 
ftrait  line  with  that  tube;  and, for  the  more 

* It  may  perhaps  be  advifable,  that  the  ivory  diredor 
be  continued  in  the  oefophagus  during  the  whole  procefs 
of  the  treatment,  as  this  will  prevent  air  from  regur- 
gitating into  the  ftomach. 

eafv 
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eafy  iritroduftion  of  the  inftrument,  the 
pipe  is  made  conical,  and  that  there  may  be 

no  impediment  to  the  paffage  of  the  air, 
two  lateral  openings  are  made  at  the  in- 
ferior extremity  (b). 

The  application  of  thefe  inftruments  are 
not  likely  to  embarrals  any  profeffional 
man.  If,  however,  any  impediment  fhould 
prevent  the  infertion  of  the  pipe  into  the 
air-tube,  bronchotomy  fhould  be  immedi- 
ately performed;  but  the  place,  and  manner 
of  performing  this  operation,  agreeable  to 
the  method  generally  recommended,  do  not 
appear  the  mod  eligible. 

We  are  advifed  by  authors,  to  begin  it 
by  a longitudinal  incilion,  three  or  four 
rings  below  the  cricoid  cartilage,  and  when 
the  trachea  is  met  with,  to  divide  it  between 
the  rings. 
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The  performance  of  this  operation,  ac- 
cording to  this  plan,  can  fcarcely  be  attend- 
ed with  danger,  when  attempted  by  a ikil- 
ful  anatomift;  but  it  may  be  embarraffing 
to  a medical  affiftant,  who  is  obliged  haftily 
to  perform  it,  when  perhaps  he  may  not 
perfectly  recolledt  the  fituation  of  all  the 
veffels  ; and  it  is  to  be  remembered  that 
hafte  is  always  particularly  neceffary  on 
thefe  occafions.  Allowing,  however,  tnat 
the  operation  is  fuccefsfully  perrormed, 
great  inconvenience  mud;  follow  from  the 
fituation  of  the  wound ; for,  in  the  recovery 
of  the  drowned,  hanged,  and  luffocated,  the 
head  is,  and  always  ought  to  be,  kept  a 
little  elevated;  the  confequence  oT which 
muft  be,  that  the  aperture  in  the  trachea 
then  becoming  the  mod;  depending  part, 
the  flow  of  blood  that  follows  the  opera- 
tion will  principally  enter  it,  and  thus  pre- 
vent artificial  refpiration  from  being  pro- 
perly 
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perly  carried  on.  This  is  not  a theory 
founded  on  hypothecs,  but  on  fads ; as  I 
have  feen  two  cafes  wherein  this  accident 
actually  happened.  The  fuperficial  veins  of 
the  trachea  from  this  operation  were  divided 
and  bled  fo  confiderably,  as  to  get  into  the 
bronchia  and  occafion  fuffocation  ; and  I 
have  heard,  from  good  authority,  that  the 
fame  efFeds  have  been  known  to  happen  in 
feveral  other  cafes. 

Another  inconvenience  attendant  on 
this  mode  of  operating  is,  that,  from  the 
trachea  at  this  part  being  fo  much 
covered,  the  pipe  for  inflating  the  lungs 
is  with  difficulty  fecured ; and  fhould  a 
recovery  be  effeded,  the  patient  mud  be 
under  the  neceffity  of  keeping  his  chin 
direded  conftantly  downward,  in  order  to 
approximate  the  cartilages,  a pofition  that 
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is  not  only  difagreeable,  but  to  be  continued 
very  unfavourable  to  the  union  of  the 
parts. 

i 

In  order  therefore  to  render  the  operation 
more  fimple,  lefs  dangerous,  and  to  prevent 
blood  from  entering  the  air-tube  ; I conceive 
it  more  eligible  to  divide  the  thyroid  carti- 
lage : and  that,  inftead  of  the  incifton  firffc 
being  longitudinal,  and  then  tranfverfe, 
both  the  integuments  and  cartilage  fhould 
be  cut  through  longitudinally  at  once. 

Several  are  the  advantages  derived  from 
this  mode  of  operating.  Firft,  no  danger 
can  then  arife  from  the  want  of  anatomical 
knowledge.  Secondly,  the  covering  being 
here  very  fuperficial,  little  blood  will  be 
loft,  and  the  little  that  does  efcape,  cannot 
get  into  the  windpipe.  Thirdly,  the  curved 
pipe  can  be  very  well  fecured,  in  order  to 
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carry  on  inflation  and  collapfe.  Fourthly, 
if  our  attempts  to  recover  be  fuccefsful3 
keeping  the  head  naturally  ere&  will  be  the; 
befl:  pofltion  to  approximate  the  divided  car- 
tilage  ; and  laftly,  that  the  recurrent  nerves 
and  fuperficial  veins  are  in  no  danger  of 
being  divided.  The  only  inconvenience  to, 
be  dreaded  from  this  operation,  is  that  of 
committing  an  injury  on  the  facculi  laryn- 
gis,  and  thus  to  incommode  the  voice  ; but 
thefe  are  fecured  from  danger,  by  cutting 
' through  the  middle  of  the  cartilage  ; and  an 
union  will  be  more  eafily  effeded,  than  if' 
the  trachea  itfelf  had  alone  been  divided. 

The  furgeon  {landing  at  the  right  fide 
of  the  patient  fhould  perform  the  operation 
by  putting  the  integuments  on  the  ftretch 
with  the  thumb  and  forefinger  of  the  left 
hand,  a longitudinal  incifion  is  then  to  be 
made  immediately  over  the  thyroid  carti- 
lage. 
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lage,  into  which  may  be  inferted  the  curved 
pipe  that  was  intended  to  be  introduced  into 
the  trachea  by  the  mouth. 

Whether  this  operation  has  or  has  not 
been  performed  is  of  little  confequence  to 
the  recovery,  if  an  inftrument  be  introduced 
into  the  windpipe,  that  is  connected  with 
the  other  apparatus. 

To  the  curved  pipe  for  the  trachea  is  to 
be  fixed  one  extremity  of  the  flexible  tube, 
(Fig.  2.  a)  ; and  the  other  end  (b.)  be  at- 
tached  to  the  inftrument,  (Fig.  3.  c.) 
which  may  be  fixed  to  the  nozzle  of  any 
pair  of  bellows. 

V 

y < 

Every  thing  being  prepared  for  inflating 
the  lungs,  one  afliflant  is  to  have  the  direc- 
tion of  the  bellows,  and  to  hand  at  the 
head  of  the  patient,  whilft  the  other  pre- 
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vents  any  air  from  efcaping  at  the  noftrii 
and  mouth  ; of  from  the  aperture  if  any  has 
been  made  in  the  trachea. 

The  bellows  are  now  to  be  employed, 
until  the  cheft  is  elevated  ; and  the  Medical 
Aftiftant,  having  the  ele&rical  machine 
prepared,  is  to  place  one  director  between 
the  fourth  and  fifth  rib  of  the  left  fide,  and 
the  other  between  the  fecond  and  third  of 
the  right ; fo  that  the  electrometer  may 
difcharge  the  jar,  and  the  fhock  be  made  to 
pafs  from  the  apex  of  the  left  ftde  of  the 
heart  to  the  bafis  of  the  right. 

When  the  electrical  ftroke  has  been  once 
more  repeated,  the  aftiftant,  who  has  the 
care  of  the  mouth  and  noftrils,  is  now  to 
remove  his  hands,  ana  prefs  ftrongly  upon 
the  cheft ; the  bellows  are  again  to  be  im- 
mediately employed,  and,  another  fhock 

being 
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being  prepared,  the  heart  is  to  be  thus 
Simulated  twice  or  thrice,  and  the  lungs 
collapfed  as  before. 


If  the  heart  retains  any  irritability,  the 
collapfe  of  the  lungs  being  removed,  the 
contractions  of  the  heart  will  probably  be 
renewed ; a free  paffage  is  opened  for  the 
blood,  and  air  admitted  to  give  it  the 
neceffary  change.  But  as  the  actions  of 
the  heart  may  not  be  fufficiently  powerful 
to  propel  the  blood  completely  through 
the  lungs,  it  becomes  neceffary  to  have  re- 
courfe  to  the  artificial  collapfe,  in  order  to 
effeCt  this.  We  therefore,  after  having 

7 O 

inflated  the  lungs,  and  eleCtrified  the  heart, 
prefs  upon  the  thorax,  in  order  to  expel 
mod  of  the  air  contained  in  the  lungs  ; for 
iuppofing  the  lungs  to  have  received  but  one 
ounce  of  blood  from  the  contraction  of  the 
heart,  a certain  degree  of  collapfe  will  get 
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rid  of  a portion  of  this  blood ; and  if  the 
collapfe  be  inereafed,  the  quantity  of  blood 
aded  upon  will  alfo  be  greater.  This 
plan  of  treatment  appears  a matter  of  im- 
portance, for  the  greater  the  quantity  of 
blood  fent  from  the  right  fide  of  the  heart 
to  the  left,  (if  at  the  fame  time  it  has 
received  the  wonted  change  from  the  air,) 
the  greater  undoubtedly  is  the  probability 
of  its  exciting  the  left  to  adion. 

If  natural  refpiratmi  be  imitated  with- 
out attending  to  the  collapfe  of  the  lungs, 
there  is  lefs  probability  of  fuecefs,  even 
fhould  the  heart  be  eledrified  during  the 
expansion  of  the  lungs.  For,  if  the  pulmo- 
nary vefiels  are  diffended  with  blood  by  the 
adion  of  the  right  fide  of  the  heart,  without 
producing  a collapfe  of  the  lungs  fuffi- 
cient  to  enable  them  to  ad  mechanically 
in  emptying  thefe  vefiels,  there  will  arife 

i nearly 
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nearly  as  much  obftru&ion  to  the  action  of 
the  heart  as  when  the  collapfe  exifted  ; for 
the  pulmonary  veffels  muft  then  be  emp- 
tied as  well  as  diftended  by  the  adtion 
of  the  right  fide  of  the  heart  alone,  which 
by  this  difeafe  is  foon  rendered  fo  enfee- 
bled, as  to  be  wholly  inadequate  to  fuch  an 
exertion. 

\ 

By  exhaufting  the  lungs,  after  the  heart 
has  been  made  to  adt  during  infpiration,  the 
collapfe  will  in  fome  meafure  fupply  the 
abfence  of  powerful  adlion  in  the  right  fide 
of  the  heart ; fqr  all  the  blood  the  lungs 
have  received  is  by  that  means  carried  to 
the  left,  by  which  we  not  only  gain  the 
advantage  of  fending  blood  which  has 
received  its  due  heat  from  the  air  into  the 
left  auricle  and  ventricle,  but  moreover 
the  pulmonary  veffels  are  again  put  in  a fi’t 
flate  to  receive  more  blood  from  the  adVion 
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or  the  right,  and  even  a feeble  contradion 
of  the  heart  may  be  capable  of  fending 
blood  into  the  pulmonary  arteries,  though 
a more  powerful  one  might  be  inefficient 

to  propel  it  into  the  pulmonary  veins  and 
left  auricle. 

Mr.  Field,  a very  ingenious  mathema- 
tical inflrument-maker,  has  invented  an 
inftrument  (Fig.  4.)  which  may  be  fixed  to 
the  nozzle  of  a common  pair  of  bellows 
for  the  double  purpofe  of  inflating  and 
collapfing  the  lungs.  (Fora  defcription  of 
which  fee  the  explanation  of  the  plate.) 
But,  in  order  to  produce  this  efted,  it  is 
neceffary  that  the  valve  hole  of  the  bellows 
be  clofed  by  the  inftrument  (Fig.  5.)  by 
which  means  all  the  air  employed  muff 
pafs  through  the  fmall  aperture (d.  in  Fig.4.) 
Hence  the  operation  of  inflating  and  col- 

-j 

lapfing  the  lungs  neceffarily  becomes  a 
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flow  and  tedious  procefs,  which  may  be 
confidered  as  an  imperfection  in  this  inftru- 
ment,  particularly  if  the  bellows  to  which 
it  may  happen  to  be  fixed  be  not  air-tight, 
in  which  cafe  the  external  air  will  find  a 
ready  entrance,  and  its  intention  as  an 
air-pump  will  be  defeated. 

If  oxygene  were  at  hand,  there  can  be 
no  doubt  but  that  it  would  be  far  preferable 
to  any  other  air  for  inflating  the  lungs; 
but  to  procure  it  in  fufficient  quantities  at 
fo  critical  a period  is  generally  impractica- 
ble, we  muft  therefore  make  ufe  of  atmo- 
fpheric  air  as  pure  as  can  be  obtained. 

If  the  jar  be  not  charged  to  give  the 
electrical  fhock,  as  foon  as  the  lungs  are 
expanded,  no  mifchief  or  inconvenience 
enfues  ; for  we  need  only  fuffer  a fmall 
quantity  of  air  to  efcape  at  the  mouth  after 

every 
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every  in fpi ration,  and  immediately  thrdw 
fi efli  in  by  the  bellows  $ and  this  procefs 
is  to  be  continued  for  about  a minute  ; 
when*  if  the  fhock  is  not  yet  ready,  we 
let  go  the  mouth,  and  empty  the  lungs. 
The  heart  from  this  may  have  been  irri- 
tated by  the  repeated  migrations,  while 
the  lungs  have  not  been  buffered  to  obftrudl 
the  free  paffage  of  the  blood,  and  a frefh 
fupply  of  air  has  been  introduced  to  give  it 
the  neceffary  change ; fo  that  if  the  heart 
has  a died  during  this  period,  collapfing  the 
lungs  will  now  convey  the  blood  they  have 
received  into  the  trunks  of  the  pulmonary 
veins  and  left  auricle.  This  procefs  is 
therefore  to  be  purfued  where  any  circum- 
flance  prevents  the  fhock  of  eledlricity 
being  given  as  foon  as  the  lungs  are  expan- 
ded, or  where  no  elefftrical  machine  can 
be  procured  ; but,  as  the  irritability  of  the 
heart  cannot  long  be  excited  to  adlion  by 
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the  mere  (Mention  of  the  lungs,  we  think 
it  of  the  higheft  importance  that  electricity 
fhould  be  employed. 

It  fhould,  however,  be  remembered  that 
every  fhock  given  to  the  heart  during  the 
collapfed  flate  of  the  lungs,  tends  to  rob 
it  of  its  vital  power,  without  promoting  in 
the  leaf!  the  recovery  ; and  let  it  alfo  be 
repeated,  that  the  lungs  from  the  beginning 
are  never  to  be  furFered  to  remain  collapfed 
for  a Angle  minute  ; as  the  heart  may  adfc 
at  that  very  in  ft  ant,  and  in  this  cafe  with- 
out effeft  ; /or  as  every  contraction  is  an 
expenftve  operation  to  the  heart,  if  it  has 
got  rid  of  no  portion  of  its  burden,  the 
utmoft  care  fhould  be  taken  that  the  lungs 
be  expanded  at  every  fyftole  of  the  heart  ; 
and  this  can  rarely  happen  from  the  ufual 
method  of  inflating  the  lungs  without  at 
the  fame  time  ftimulating  the  heart.  When 
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the  heart  has  been  once  emptied,  occafional 
fhocks  may  be  tranfmitted  through  other 
parts  of  the  body  (care  always  being  taken 
that  the  heart  pai  takes  of  their  influence, 
and  that  the  lungs  be  expanded)  ; for  fti- 
mulating  the  extremities  may  probably 
produce  Tome  degree  of  contradion  in 
the  arterial  fyftem  ; but  it  fhould  be  ever 
remembered  that  the  heart  is  the  origin  of 
the  circulation,  and  whilft  other  parts  of  the 
body  are  eledrifled,  care  (hould  be  taken 
that  the  heart  at  the  fame  time  partakes 
of  the  ftimulus. 

f 

In  order  to  compare  the  difference  of  the 
effeds  produced  by  eledricity  on  the  heart, 
when  the  lungs  are  collapfed,  and  thofe 
that  refult  from  it  when  the  lungs  are  in  a 
date  of  expanflon,  the  following  experiment 
was  made. 


EXPERIMENT. 
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experiment. 

A Cat  was  ftrangled,  and  five  minutes 
after  the  lad  expiration  the  cheft  was  open- 
ed ; the  lungs  were  then  alternately  expand- 
ed and  collapfed  for  five  minutes,  the  heart 
a&ed  rather  powerfully,  but  no  altera- 
tion could  be  obferved  in  the  blood  of 
its  two  fides ; either  as  to  quantity  or 

The  heart  was  now  electrified  by  fmall 
fhocks,  during  the  exiftence  of  the  collapfe, 
and  this  was  continued  for  five  minutes, 
when,  upon  examination,  it  was  obferved 
that  its  aCtion  was  evidently  leflened ; the 
left  fide  became  rather  more  difiended  than 
before,  but  the  blood  was  black  in  both 
auricles  and  ventricles. 
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The  lungs  were  now  expanded,  and  the 
heart  at  this  infiant  electrified  : after  two 
frocks  had  been  given,  they  were  collapfed, 
again  expanded  and  electrified ; and  this 
procefs  was  likewife  continued  five  mi- 
nutes. On  examining  the  heart,  both  tides 
were  now  found  lefs  diftended,  their  aCtion 
quickened,  and  the  blood  in  the  pulmonary 
veins,  left  auricle  and  ventricle,  completely 
florid. 

r 

The  reiult  of  this  experiment  not  only 
proves  the  advantages  of  the  flimulatino- 
power  of  eleftrioity  on  the  heart,  beyond 
that  of  ftmple  inflation ; but  alfo  evinces  the 
fuperiority  of  adminiftering  it  in  the 
diftended,  oyer  the  collapfed  ftate  of  the 
lungs. 

Whatever  will  excite  the  heart  to  expel 
its  black  blood,  and  fupply  the  left  fide 
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and  the  whole  arterial  fyftem  with  blood 
that  has  imbibed  its  natural  heat  from  the 
air,  muft  be  the  means  of  cure  the  moft 
efficacious  that  can  be  employed  ; and  this 
laft  experiment  feems  to  confirm  the  opi- 
nion, that  electrifying  the  heart  during  the 
expanfion  of  the  lungs,  and  then  collapfing 
them,  is  beft  calculated  to  produce  thi$ 
defired  efFeCt. 

With  refpeCt  to  the  electrical  machine, 
the  more  compaCt,  and  at  the  fame  time 
the  more  powerful  it  is,  the  better  ; for  as 
the  quantity,  neceffary  to  be  applied,  rauft 
be  determined  by  the  jar  and  eleCtrometer, 
the  more  fpeedily  it  can  be  filled  the  bet- 
ter. The  fize  of  the  jar  neceffary  for  the, 
purpofe  fhould  be  about  thirty  inches  of 
coated  furface  ; and  the  electrometer  placed 
a little  more  than  one  third  of  an  inch  from 
the  jar  ; the  diftance  of  which  may  be  gra- 
dually 
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dually  mcrealed.  It  is  better  that  the  glafs 
of  the  jar  be  thin,  as  the  {hock  will  then 
be  pungent  ; for  if  the  glafs  be  thick,  the 
firoke  will  be  large  and  denfe  ; and  it  ap- 
pears probable,  that  the  pungent  ftimulus 
would  excite  greater  action  in  the  heart 
than  one  that  is  denfe,  without  being  fo 
liable  to  deftroy  its  powers. 

All  that  appears  neceflary  in  thefe  cafes, 
for  the  purpofe  of  applying  ele&ricity,  is, 
the  cylinder,  a conductor,  jar,  electrome- 
ter, wire  and  directors,  in  order  to  convey 
the  {hock  to  the  particular  parts  we  wi{h  ; 
and  all  thefe  may  be  comprifed  in  a box  of 
twenty  inches  in  length,  and  twelve  in 
width  ; and  as  every  medical  man  may 
have  occasion  to  make  ufe  of  electricity  for 
other  purpofes,  the  expence  will  not  be 
thrown  away,  even  fhould  he  never  meet 
with  this  moft  fatisfaCtory  employ  of  it, 

the 
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the  attempting  or  perhaps  the  actual  reflor- 
ing  of  the  apparently  dead  to  life. 

There  appears  no  neceffity  for  making 
ufe  of  the  inftrument  invented  by  Dr. 
Goodwyn,  for  the  purpofe  of  extracting 
water  from  the  lungs,  as  thofe  who  have 
recovered  from  drowning  mull  all  have 
taken  in  water,  without  its  having  pro- 
duced any  ferious  inconvenience ; and 
as  the  extracting  it  would  take  up  a conli- 
derable  time,  we  think  it  better  as  foon  as 
poffible  to  proceed  to  the  diftention  of  the 
lungs. 

I 

We  fhall  now  inquire  into  the  effeCts 
produced  by  the  application  of  warmth. 
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SECTION  IX. 


E feels  of  Warmth. 

, • “ 

It  has  been  the  uniform  opinion  of  thpfe 
who  have  turned  their  attention  and  their 
pens  to  the  fubjeft  of  fufpended  refpira- 
tion,  from  drowning,  hanging,  and  fufFo- 
cation,  that  the  application  of  heat  is 
abfolutely  neceflary,  and  that  it  ought 
to  be  made  with  gradual,  and  nearly 
infenlible  increafes.  This  idea  feems  to 
have  been  fuggefted,  by  attending  to  the 
good  effe&s  of  warmth  on  torpid  animals  : 
and  the  manner  that  nature  prefcribed, 
was  that  of  its  being  applied  in  the  moft 
gradual  manner;  for*  where  the  body  has 
been  frozen,  a fudden  application  of  heat 

has 
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has  been  found  deftru&ive,  whereas  a lefs 

degree  has  proved  beneficial. 

. ■ 

It  would  be  prefumptuous  to  deny  that 
thefe  obfervations  and  precautions  feemed 
well  grounded.  But  it  muff,  however,  be 
confeffied,  that  the  detedlion  of  any  ftridt 
fimilitude  between  the  two  difeafes,  would 
be  attended  with  no  fmall  difficulty.  In 
the  one,  the  vital  principle  is  attacked 
merely  by  a fedative  power  ; in  the  other, 
it  is  endangered  by  a collapfe  of  the  lungs, 
which  not  only  prevents  the  free.  pafTage 
of  the  blood,  but  at  the  fame  time  deprives 
it  of  that  due  degree  of  heat,  which  it 
borrows  from  the  air. 

Dr.  Goodwyn  has  particularly  infilled  on 
this  gradual  application  of  warmth  ; but  his 
plan  of  treatment  does  not  coincide  with 
our  opinion.  He  obferves,  6i  that,  to  fa- 
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4<  vour  the  recovery  moft  effectually,  the 
“ application  of  heat  fhould  be  conducted 
tc  on  the  fame  plan  nature  has  pointed  out 
tc  for  torpid  animals.  It  fhould  be  applied 
ts  very  gradually  and  uniformly,  and  it 
“ may  be  raifed  to  98,  but  not  further 
“ than  100.  When  the  body  is  warmed 
“ uniformly,  and  the  heat  of  the  interior 
*«  parts  about  98,  we  direct  our  attention 
“ to  the  fate  of  the  thorax,  and  if  the 
“ patient  make  no  attempt  to  infpire,  we 
44  proceed  to  inflate  the  lungs.”  Nor  does 
this  practice  appear  to  be  altogether  in  uni- 
Ion  with  the  Doctor’s  own  theory  on  the 
nature  of  the  difeafe,  for  external  warmth 
can  produce  no  chemical  change  on  the 
blood  ; and  as  he  aflerts  that  the  heart  cannot 
act  until  a change  has  been  produced,  what 
o-reat  expectations  can  we  form  of  its  being 
attended  with  fuccefs.  Moreover,  this  gra- 
dual application  of  heat  muft  engrofs  no 

incon- 
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inconfiderable  portion  of  time,  already  too 
precious,  before  the  external  heat  can  be 
much  increafed,  and  the  adlion  alfo  of  the 
mufcles  of  refpiration  could  rarely  be  re- 
ftored  before  that  of  the  heart. 

We  alfo  are  obliged  to  withhold  our 
afl'ent  from  Dr,  Goodwyn’s  opinion,  where 
he  fays,  that,  whilft  the  circulation  of  the 
blood  continues,  the  temperature  of  the 
body  may  be  raifed  many  degrees  above 
the  natural  ftandard  without  inconveni- 
ence. To  this  affertion  is  oppofed  the 
refult  of  Dr.  Fordyce’s  experiments,  which 
prove  that  upwards  of  two  hundred  de- 
crees of  external  heat  of  Fahrenheit’s  fcale 
could  not  raife  the  animal  heat  three 
degrees ; and  it  may  be  a doubt,  whether  in 
thefe  cafes  Internal  animal  warmth  where 
life  is  prefent  can  ever  be  raifed  to  98  or 
100  by  the  application  of  external  heat. 
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The  warmth  of  the  body  in  health  may 
he  decreafed  many  degrees  without  much 
inconvenience;  but  never  can  be  raifed 
moie  than  three  or  four  above  the  natural 
ftandard,  without  producing  pernicious 
effeds  : nature  therefore  ha?  prudently  pro- 
vided two  powers  for  refilling  heat,  while 
*he  has  given  only  one  for  generating  it. 
That  warmth  is  elfential  however  I admit, 
and  that  in  its  application  it  fhould  neither 
be  violently  nor  irregularly  increafed;  but 
we  can  on  no  account  deem  it  allowable 
to  wait  for  any  incrcafi  of  heat  in  the  inte- 
lior  parts  before  the  lungs  are  inflated,  as 
it  feems  impracticable  to  increafe  the  living 
heat  before  this  end  is  firll  accompli/bed. 

To  regulate  the  application  of  this  re- 
medy, it  does  not  appear  neceflary  to 
afcertain  the  degree  of  heat  on  the  external 
furface  of  the  body,  and  of  the  re£tums 

iince 
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fmce  we  can  always  judge  of  the  warmth 
of  the  atmofphere  within  five  or  fix  de- 
crees : and  as  water,  whilfl:  in  a fluid  ftate, 
muft  have  its  temperature  nearly  equal, 
we  need  only  be  cautious  that  the 
warmth  of  the  room  is  not  at  firft  much 
greater.  But  as  it  may  be  fome  fatisfac- 
tion  to  the  Surgeon  to  know  the  degree 
of  heat  remaining  in  the  body,  (fince  the 
greater  the  degree  of  heat,  the  greater 
muft  be  the  irritability,)  it  may  not  be 
improper  or  unfatisfaftory  to  be  furnifhed 
with  a thermometer,  and  Mr.  Hunter’s 
feems  the  only  one  that  is  well  adapted 
to  the  purpofe  ; fince  afcertaining  the  heat 
of  any  part  of  the  body,  except  in  canals, 
cannot  be  of  the  fmalleft:  utility, 

A thermometer  feems  alfo  neceflary  for 
regulating  the  increafe  of  heat,  fince  our 
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lenfations  are  more  likely  to  deceive  us 
afterwards  than  at  firft  ; and  it  is  of  im^ 
portance  that  the  warmth  be  not  very 
confiderable  : perhaps  70  degrees  of  Fahren- 
heits’s  fcale  is  as  much  as  ffioutd  ever  he 
applied,  fince  to  fupport  any  degree  above 
this  produces  a wafte  of  ftrength. 

Warmth  thus  applied  is  certainly  highly 
expedient,  and  its  effefts  on  the  fyftem 
are  probably  thefe,  that  the  blood,  in 
drowning,  &c.  deprived  of  the  greater  part 
of  the  latent  heat  it  imbibes  from  the 
air,  becomes  inefficient  to  ffimulate  the 
folids  ; but,  by  the  application  of  fenfible 
heat  to  the  furface  of  the  body,  the  heat  of 
the  animal  is  prevented  from  being  fo  foon 
carried  off;  and  thus  in  fome  meafure  fup- 
plies  the  place  of  that  latent  heat  which 
naturally  is  abforbed  by  the  blood  ; for,  al- 
though 
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though  heat  be  abforbed  from  the  air  in  a 
latent  form,  it  is  given  out  to  the  fyftem 

in  a fenfible  one.  Let  it  not,  however,  be 

✓ 

underload  that  warmth  is  to  effect  a cure 
of  itfelf ; for  we  have  repeatedly  mentioned 
that  the  collapfe  of  the  lungs  has  caufed  an 
obftruftion  to  the  paffage  of  the  blood  ; and, 
before  circulation  can  go  on,  this  obftmc- 
tion  muft  be  removed,  and  the  blood 
furnifhed  with  its  ufual  llimulus  and 
change. 

Various  are  the  modes  of  applying  heat 
to  the  body  ; warm  bath,  warm  grains,  &c. 
but  thefe  are  means  more  eafily  directed 
than  procured  or  put  in  execution  ; and 

f 

there  is  only  one  advantage  attending  them, 
that  of  applying  heat  more  univerfally. 
Even  this  is  counterbalanced  by  a greater 
objection,  as  it  prevents  us  from  having 
recourfe  to  frictions,  and  permits  fuch  a 

length 
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length  of  time  to  elapfe  before  either  warm 
bath  or  grains  can  be  procured. 

The  more  advifable  method  therefore 
appears  to  be,  to  place  the  patient  on  a mat- 
trafs  or  bed  at  a proper  diftaqce  from  the 
fire,  where  every  other  operation  that  is 
thought  proper  can  be  carried  on  at  the 
fame  time ; and  the  readinefs  with  which 
warmth  can  be  thus  applied,  mull  certainly 
fie  a convenience. 

We  propofe  next  to  inquire  under  what 
circumftances  frictions  may  be  ijfeful. 


SECTION 
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SECTION  X, 

Effefff  of  FriSiionu 

/ 

It  is  with  great  propriety  Mr.  Kite  has 
limited  the  ufe  of  fri&ions ; at  the 
commencement  of  the  curative  operations 
they  muft  be  produ&ive  of  great  mif- 
chief;  for  the  right  fide  of  the  heart  bein°- 
already  overloaded  with  blood,  we  are  by 
the  ufe  of  friftions  increafing  its  quantity  : 
and  it  fcarcely  can  be  doubted  but  that  this 
practice  has  contributed  in  many  inftances 
to  fruftrate  the  mod:  fuccefsful  treatment, 
hy  producing  an  over  diftention,  and  con- 
sequently indireft  debility,  of  the  right  fide 
pt  the  heart.  With  a view  to  afcertain 
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the  effects  of  early  fri&ions,  the  following 
experiment  was  made. 

EXPERIMENT. 

A Cat  was  ftrangled ; and  after  it  had 
ceafed  to  breathe,  the  body  and  extremities 
were  thoroughly  rubbed  for  ten  minutes, 
the  cheft  was  then  opened.  On  examining 
the  heart,  the  right  fide  was  found  fully 
diftended,  and  the  left  rather  more  fo  than 
ufual,  without  any  (ign  of  a&ion  in  either. 

An  opening  was  then  made  in  the  in- 
ferior cava,  fo  as  to  let  out  a portion  of 
blood ; and  the  action  of  the  right  fide  of 
the  heart  was  foon  renewed. 

This  experiment  was  repeated,  and  it 

invariably  refulted,  that  the  more  the 
right  fide  of  the  heart  was  di (tended,  the 

> weaker 
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weaker  was  its  action,  and,  even  where 
no  aftion  was  evident  during  the  diften- 
tion,  it  vvas  generally  renewed  by  remov- 
ing part  of  the  blood  from  the  anterior 

cava. 

It  is,  however,  with  fri&ion  as  with, 
electricity  ; if  made  life  of  at  one  time,  it 
may  tend  to  deftroy  life  ; and,  at  another,  it 
may  greatly  aftift  in  the  recovery. 

In  our  furvey  of  the  common  effects  of 

fufpended  refpiration,  it  was  obferved  that 

the  aorta  and  arterial  fyftem  contained  a 

quantity  of  blood ; this  point  being  afcer- 

tained,  and  it  being  likewife  known,  that 

the  a£tion  of  the  aorta  and  arterial  fyftem 

is  fufpended  from  a decreafe  of  the  due  fti- 

mulus  in  the  blood,  and  that  the  veins  have 

little  or  no  contradiile  power  of  their  own; 

when  once  the  right  fide  of  the  heart  lias 

been 
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been  enabled  to  rid  itfelf  of  a portion  of  its 
contents  by  the  plan  already  mentioned,  we 
fhould  then  proceed  to  frictions,  as  a fub- 
ftitute  to  the  natural  a&ion  of  the  arteries 
in  health,  viz.  that  of  propelling  the  blood 
onward,  and  producing  a vis  a tergo  on  the 
blood  in  the  veins.  The  right  fide  of  the 
heart  being  thus  in  part  emptied,  is  again 
diftended  by  the  application  of  fric- 
tions, which  fhould  be  continued  as  lono' 

Q 

as  electricity  is  employed  ; but  when,  from 
any  caufe,  we  are  prevented  from  eleCtri- 
we  fh°nld  be  fparing  and  cautious  in 
the  ufe  of  friCtions,  left  by  over  diftention 
we  deftroy  the  aCtion  of  tfie  heart.  From 
frictions  made  ufe  of  as  a general  ftimu- 
lant,  little  or  no  advantage  can  be 
expected. 

The  excoriations  produced  by  the  appli- 
cation of  fait,  brandy,  volatile  alkali,  &c. 
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may  be  exceedingly  troublefome  after  reco- 
very. This  objection  however  fhould  have 
but  little  weight  were  any  real  advantage 
to  be  derived  from  their  ufe;  but  the  appli- 
cation of  ftimuli  to  the  eyes,  noifes  to  the 
ear,  acrid  liquors  to  the  tongue  and  palate, 
fternutatories  to  the  noftrils,  fcarifications 
to  the  Ikin,  and  the  actual  cautery,  tend  to 
extinguilh  the  little  that  remains  of  animal 
life,  rather  than  to  rouze  or  re-edablilh  i,t 
into  adion  ; for  their  effed  on  the  nervous 
fyftem  mull;  be  limilar  to  that  of  eledricity 
when  applied  to  the  heart  during  the  col- 
lapfe  of  the  lungs,  viz.  the  deftrudion  of 
irritability.  The  idea  that  fuggefled  fuph 
applications  muff  have  arifen  from  fuppof- 
ing  the  animal  powers  to  be  only  in  a date 
of  torpor,  without  confidering  that  there 
exifted  a caufe,  without  the  removal  of 
which  all  thefe  attempts  mud  not  only 
prove  fruitlefs  and  abortive,  but  even  de- 
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flru&ive  to  life,  much  fooner  than  if  no1 
remedy  at  all  had  been  employed. 

There  appears  to  be  an  objedlion  to  the 
life  of  vitriolic  acid  with  oil,  or  any  appli- 
cation that  produces  an  unknown  and 
partial  degree  of  heat.  It  may  be  prefer- 
able as  a medium  for  friction,  to  make  ufe 
of  a little  common  oil  or  lard,  which  will 
rather  prevent  than  occalion  excoriations,  at 
the  fame  time  that  it  anfwers  every  other 
intention  ; for  the  principal  end  to  be 
obtained  by  fridtions  is  by  means  of  their 
mechanical  preffure  ; and  any  medium  that 
will  facilitate  this,  appears  preferable  to 
thofe  applications  which  Simulate  and 
generate  heat.  As  much  warmth  as  is 

o 
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deemed  requifite  may  be  applied  to  the 
body  by  more  certain  and  lefs  difagreeable 
means.  Nor  fhould  it  be  forgotten  that 

the 
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the  circulation  even  in  health,  is  moft:  lan- 
guid at  the  remote  parts  of  the  body  ; con- 
fequently  the  frictions  Ihould  be  chiefly 
applied  to  the  upper  and  lower  extremities, 
and  the  body  ftiould  be  occafionally  rubbed, 
where  it  does  not  interfere  with  the  electric 
Ihock. 

We  fhall  next  examine  into  the  effects 
of  Enemas, 
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SECTION  XI. 

t ' fc  - 1 ' * • 4 • 

t t , J * ‘ 

Effefis  of  Enemas. 

As  tobacco  thrown  up  the  re&urrr  in 
the  form  of  fmoke  was  one  of  the  firft 
remedies  employed  in  fufpended  refpira- 
tion ; and  as  we  fee,  to  our  great  regret, 
that  it  is  flill  too  frequently  made  ufe 
of;  we  fhall  endeavour,  by  a few  ani- 
madverfions  on  its  effects,  to  profcribe  its 
continuance. 

Mr.  Kite,  I believe,  was  the  firffc  who 
reprobated  the  ufe  of  tobacco  ; and  the 
arguments  he  adduces  in  fupport  of  his 
opinion  are  truly  ingenious. 

The 
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The  hiftory  of  medical  errors  fear ce 
affords  an  inftance  of  a more  blind  and 
obftinate  prejudice,  than  that  which  flail 
induces  the  Humane  Society  to  recommend 
a mode  of  pradke  fo  obvioufly  deft rudive. 
It  is  actually  exhibiting  a poifon,  that  ads, 
as  moft  other  vegetable  poifons  do,  by  pro- 
ducing fuch  an  extreme  degree  of  debility  as 
no  powers  of  life  can  fupport ; and  there  can 
be  fcarce  any  ralhnefs  in  affirming  that  fuch 
quantities  of  tobacco  have  been  adminiftered 
in  this  difeafe  in  the  form  of  fmoke,  as 
Would  have  deftroyed  any  man  in  full 
health.  And  indeed  can  there  be  any  thing 
more  evidently  improper  than  fuch  a prac- 
tice ? We  might  with  as  much  propriety 
recommend  tobacco  in  fyncope,  or  in  a 
typhus  fever,  as  in  fufpended  refpiration 
from  drowning,  &c.  nor  can  there  be  the 
leaft  doubt  entertained  of  the  effeds  it 
would  produce  in  either  of  thefe  difeafes. 

Qj*  • When 
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When  we  confider  the  efFedt  that  a 
drachm  of  tobacco  in  infufion  has  upon 
the  fyftem,  when  given  folely  to  produce 
a temporary  debility  in  hernia,  &c.  one 
would  fcarcely  credit  that  any  perfon  ac- 
quainted with  this  effedt,  could  ever  think 
of  adminiftering  eight  or  perhaps  twelve 
times  this  quantity,  when  the  powers  of 
life  are  reduced  to  their  loweft:  ebb.  It  is 
really  an  indelible  ftigma  on  the  profeflion, 
that,  while  we  cannot  but  obferve  the  dele- 
terious tendency  even  of  a fmall  quantity 
of  it,  in  one  difeafe,  where  we  wilh  to 
reduce  the  flrength  ; we  neverthelefs  em- 
ploy it  by  wholefale  in  another,  where 
fcarce  a fpark  of  life  remains  unextin- 
guifhed.-  With  headftrong  inattention  we 
have  perfevered  in  its  ufe,  without  ever 
aiking  ourfelves  this  necellary  queflion— 
What  are  we  rationally  to  expedt  from 

' fuch 
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fuch  a remedy  ? This  indeed,  is  quackery 
in  the  higheft  degree. 


When  examining  the  effects  of  medicines 
thrown  into  the  ftomach  after  refpiration 
had  ceafed,  it  was  found  that  their  adion 
was  far  lefs  powerful  than  when  adminif- 
tered  in  full  health  j and  it  is  a fortunate 
circumftance  indeed,  that  their  operations 
are  regulated  by  fuch  a law  ; for,  if  me- 
dicines produced  the  fame  effed  m this 
difeafe  as  during  the  unimpaired  vigour  of 
the  natural  functions,  it  may  without  hefi- 
tation  be  declared,  that  no  one  could  ever 
have  been  recovered  where  tobacco  had 
been  employed  in  quantities  equal  to  what 
has  been  recommended.  Tobacco  injeded 
into  the  ftomach  will  of  courfe  produce 
more  violent  efteds  than  when  thrown  up 
the  redum  ; but  when  the  quantity  em- 
ployed is  perhaps  equal  to  three  or  four 

<U- 
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ounces,  the  effects  mud:  be  as  violent,  if 
not  more  fo,  than  a fixteenth  part  inje&ed 
into  the  ftomach. 

In  order  more  accurately  to  determine 
the  effe&s  of  tobacco  enemas,  the  follow- 
ing experiment  was  made. 


EXPERIMENT, 


A full  grown  Cat  was  drowned,  and  the 
cheft  being  immediately  opened,  the  heart 
was  obferved  to  aft  ftrongly ; fix  drachms 
of  tobacco  were  thrown  up  the  reft  urn  in 
the  form  of  fmoke,  but  before  the  herb 
was  half  confumed,  there  remained  fcarcely 
apy  aCtion  in  the  heart;  and  after  the 
whole  had  been  injected,  the  contractions 
totally  ceafed.  Mr.  Kite  has  fubfiituted 
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in  the  place  of  tobacco,  fome  aromatic 
herb;  and,  if  we  are  to  make  ufe  of  gliflers  at 
all,  herbs  of  this  nature  are  certainly  prefer- 
able : but  no  very  great  advantages  can 
rationally  be  expedted  from  any  applications 
to  the  redtum. 

If  the  difeafe  is  not  removed  by  the 
means  before  laid  down,  we  may  with  as 
much  confidence  expedt  a recovery  from 
injedting  a little  warm  milk  and  water  into 

the  ftomach,  as  from  the  injection  of  ene- 

\ 

mas  of  any  kind. 

It  fhould  alfo  be  remembered  that  ene- 
mas ought  to  be  fmall  in  bulk,  in  order  to 
render  them  innoxious ; for  fmoke  and 
fluids  of  all  kinds,  when  given  in  large 
quantities,  will  diflend  the  inteftines ; the 
refult  of  which  will  be,  that  their  mecha- 

O a nical 
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meal  effed  in  preventing  the  eafy  defeenfc 
of  the  diaphragm,  will  neceffarily  be  pro- 
dudive  of  mifehief.  Warm  enemas  may 
have  the  falutary  effed  of  {lightly  Simulat- 
ing the  inteflines ; and  the  heart  alfo,  from 
fympathy,  may  poffibly  have  its  adion  in 
fome  fmall  degree  increafed ; but  if  tobacco 
be  employed,  the  oppofite  effed  mull  arife. 
And  as  fympathy  is  fuppofed  to  be  greater 
between  the  heart  and  the  Aomach,  than 
between  the  heart  and  inteflines,  it  were 
better  to  injed  fome  warm  aromatic  into 
that  vifeus,  than  into  the  redum  ; but  in- 
flation, eledricity,  and  fridions,  ought  by 
no  means  to  be  negleded  to  make  room  for 
fo  ineffedual  a remedy. 

Having  examined  the  merits  of  the 
remedies  ufually  employed  in  fufpended 
refpiration,  and  recommended  fuch  as  ar? 

countenanced 
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countenanced  by  inquiry  and  experiment;, 
it  may  not  be  deemed  unneceffary  to  fub- 
join  an  account  of  the  method  of  conduc- 
ing the  treatment. 


SECTION 
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SECTION  XII. 

Method  of  Cure. 

The  plan  of  treatment  generally  to  be 
purfued  has  been  laid  down  fomewhat  at 
large  in  feparate  fe&ions;  but  it  may  not 
be  unfatisfadlory  to  the  pra&itioner,  ill 
thefe  cafes,  to  fee  the  whole  contracted 
into  an  abridged  form,  and  placed  in  a 
nearer  and  clofer  point  of  view. 

As  a few  minutes  in  this  difeafe  make 
a material  difference  as  to  the  probability 
of  recovery,  we  think  it  of  fufficient  im- 
portance to  remark,  that  the  electrical 
machine  and  the  apparatus  for  artificial 
refpiration,  fhould  be  kept  always  at  hand, 
and  in  readinefs. 
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No  more  fpeCtators  fhould  be  allowed  to 
be  prefect  than  are  abfolutely  neceflary; 
which  we  conceive  may  be  eight  or  nine 
in  all,  including  the  Medical  Afliftants; 
two  to  have  the  direction  of  the  cheft, 
one  to  turn  the  electrical  machine,  one 
to  direft  the  thock,  four  to  apply  the 
frictions,  and  the  other  to  aflifb  occa - 
fionally.  This  number  will  be  fufficient 
for  anfwering  every  purpofe,  and  a greater 
number  would  rather  emba'rrafs,  and  only 
contribute  to  render  the  air  lefs  fit  for 
refpiration. 

The  body,  if  wet,  fhould  be  gently 
dried  with  cloths,  but  in  fuch  a cautious 
manner,  as  to  prevent  the  mechanical  ef- 
fect of  the  friction  from  propelling  the 
blood  towards  the  heart. 

Having  prepared  the  bed,  or  mattrafs. 
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on  a table  of  convenient  height,  the  body 
is  to  be  placed  on  it  with  the  head  a little 
elevated.  Five  or  fix  ounces  of  brandy, 
rum,  or  fome  other  warm  aromatic,  fhould 
be  thrown  into  the  fMmach,  by  means  of 
the  vegetable  bottle  and  pipe;  and  the 
ivory  director  patted  to  the  farther  part  of 
the  mouth,  fo  as  to  clofe  the  fuperior  aper- 
ture of  the  aefophagus. 

i 

If  the  patient  feems  plethoric,  and  more 
particularly  if  the  difeafe  has  been  occa- 
lioned  by  hanging,  bleeding  fhould  be 
employed,  and  that  as  one  of  the  firft  re- 
in edies;  nor  fhould  the  application  of  a 
proper  degree  of  warmth  be  negle&ed. 

The  curved  pipe  being  then  introduced 
into  the  trachea,  and  fecured  by  an  aflift- 
ant,  and  the  flexible  tube,  See.  being  at- 
tached, the  lungs  ought  as  foon  as  poflible 

to 
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to  be  inflated  ; and  the  ele&rical  machine 
being  prepared,  one  diredtor  is  to  be  ap- 
plied between  the  fourth  and  fifth  rib  of 
the  left  fide,  and  the  other  between  the  fe- 
cond  and  third  of  the  right;  when  the 
eledtrometer  is  to  be  placed  a little  more 
than  one  third  of  an  inch  from  the  jar,  and 
the  ftroke  given.  The  eledtrical  fhock  is 
to  be  repeated  once  or  twice,  and  the  afliff- 
ant,  who  prevented  the  air  from  efcaping 
by  the  noftrils  and  mouth,  then  fhould 
remove  his  hands,  and  prefs  the  cheft,  and 
immediately  after  expand  the  lungs,  for  the 
heart  to  be  again  ftimulated. 

t 

If  any  impediment  Ihould  prevent  the 
introduction  of  the  pipe  down  the  trachea, 
the  thyroid  cartilage  fhould  be  immediately 
divided  in  the  manner  defcribed  in  Sedtion 
the  Eighth,  and  the  curved  pipe  inferted 
into  the  trachea  at  this  aperture. 

When 
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When  the  lungs  have  been  three  of  four 
times  expanded  and  collapfed,  fri&ions  are 
to  be  had  recourfe  to  ; thefe,  together  with 
the  piocefs  of  expanding  the  lungs*  (and  at 
the  fame  time  electrifying  the  heart,)  and 
then  again  collapfing  them,  are  to  be  conti- 
nued four  hours  without  intermiffion,  un- 
lefs  natural  refpiration  be  reflored. 

In  feme  cafes  where  the  living  powers 
are  remarkably  languid,  it  may  be 
advifable  to  continue  the  ufe  of  elec- 
tricity, and  gentle  fri&ions,  even  after  re- 
fpiration is  renewed,  as  there  have  been 
inftandes  of  momentary  and  tranfient  re- 
coveries : the  ill  fuccefs  of  which  may  be 
conceived  to  arife  either  from  an  improper 
ufe  of  tobacco,  or  the  heart  not  poffefling 
fufficient  irritability  to  carry  on  the  circu- 
lation, or  from  want  of  a fupply  of  blood 
to  the  right  fide  of  the  heart  after  it  has 
i , been 
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been  once  emptied.  Thefe  obftacles  may 
probably  be  removed  by  afiifting  the  heart 
and  arteries  to  perform  their  refpebtive 
functions,  after  the  mufcles  of  refpiration 
have  been  Simulated  to  action. 

If  unfortunately  no  ele£trical  machine  be 
at  hand,  the  method  of  performing  artificial 
refpiration  fihould  be  altered.  When  the 
lungs  are  expanded,  the  afiiflant,,  who  has 
the  charge  of  the  mouth  and  noftrils,  fuffers 
a fmall  quantity  of  air  to  efcape,  while  the 
other  afiiflant  continues  to  throw  in  a frefh 
fupply  : this  procefs  fhould  be  protracted  for 
about  a minute,  when  the  hand  is  to  be 
removed  from  the  mouth,  and  the  chefi: 
prefled,  to  complete  the  collapfe.  It  can- 
not be  too  frequently  inculcated,  that  the 
lungs  are  never  to  be  fu fibred  to  remain 
collapfed  ; for  all  our  endeavours  and  at- 
tempts to  effect  a recovery,  jfhould  the  lungs 

be 


( 240  ) 

be  permitted  to  continue  in  that  ftate,  tnuft 
ultimately  prove  fruitlefs. 

We  cannot  better  conclude  the  prefent 
diflertation*  than  by  briefly  recapitulating 
the  principles  and  obfervations  which  form 
its  bafls  and  fupport. 

• * • • . - • . - * 
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CONCLUSION. 

j' 

From  what  has  been  obferved  it 
appears, 

1.  That  in  ordinary  refpiration  and  cir* 
dilation  the  lungs  are  paffive. 

2.  That  the  principal  advantage  derived 
from  refpiration,  is  that  of  its  being  the 
fource  of  animal  heat ; and  this  heat,  by 
being  evolved  in  a fenfible  form,  keeps  up 
the  irritability  of  the  whole  animal. 

3.  That  the  blood  imbibes  lefs  or  more 
latent  heat,  in  proportion  to  the  degree  of 
fenfible  warmth  applied  to  the  furface  of 
the  body. 
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4.  That 
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4.  That  the  temperature  of  the  florid 
blood  in  the  left  fide  of  the  heart  is  at  firffc 
lower  than  that  of  the  right;  but  its  fenfible 
heat  foon  becomes  greateft. 

/ 

5.  That  this  circumftance  favours  the 
idea  of  heat  being  abforbfed  from  the  air 
in  the  a £1:  of  refpiration. 

6.  That  as  foon  as  the  blood  has  under- 
gone the  change  in  the  lungs,  it  is  ren- 
dered fit  to  fupport  the  heat  and  irritability 
of  the  animal. 

7.  That  heat  is  not  only  evolved  from 
the  blood  as  it  pafles  through  the  capillaries, 
but  that  the  fame  procefs  continues 
throughout  the  whole  circulation. 

8.  That  the  ftimulus  which  excites  the 
heart  to  ad,  is  the  fame  in  all  its  cavities  ; 
and  this  principally  is  diftention. 


9.  That 
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9*  That  in  the  foetus  both  fides  of  the 

' / 

heart  ad  from  the  ftimulus  of  black 
blood. 

10.  That  the  intent  of  the  foetal  and 
adult  change  is  the  fame,  viz.  that  of  fup- 
porting  animal  heat  and  irritability. 

■ » 1 

1 1 . That  this  change  is  effected  in  the 
foetus,  by  the  blood  palling  through  the 
cells  of  the  placenta,  and  the  veffels  coming 
in  contad  with  the  maternal  arterial 
blood. 

j fc 

12.  That  fo  much  of  the  venous  quality 
is  imparted  to  the  maternal  from  the  foetal 
blood,  and  only  fo  much  latent  fire  evolved 
from  the  maternal  to  the  foetal,  as  is  ne- 
ceffary  to  reftore  the  equilibrium  of  abfo- 
lute  heat. 
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13.  That 
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13.  That  as  the  foetus  is  furrounded  by 
the  warm  medium  of  the  liquor  amnii  and 
mother,  very  little  heat  can  be  confumed, 
and  therefore  an  abforption  of  heat  equal  to 
that  of  the  adult  is  not  neceflary. 

14.  That  the  foetus  po'flefles  only  one 
power  of  refitting  heat,  and  as  the  heat  to 
be  imbibed  by  the  foetal  blood  is  always 
limited,  and  as  it  is  always  furrounded 
by  an  uniform  degree  of  temperature, 
the  foetus  Hands  in  no  need  of  the 
power  of  refitting  heat,  or  generating  cold 
by  evaporation. 

1 3.  That  the  foetal  heart  contains  only 
a fmall  portion  of  blood  that  has  been  to 
the  placenta;  and  as  this  blood  can  receive 
only  a partial  change,  and  as  even  the 
greater  part  of  that  fame  blood  mutt  firtt 
pafs  through  the  capillaries  before  it  arrives 

at 
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at  the  left  auricle  and  ventricle  ; and  as  that 
which  does  not  pafs  through  capillaries 
mixes  with  venous  blood,  it  follows  that 
the  left  fide  of  the  foetal  heart  contra£ts 
from  the  flimulus  of  black  blood. 

1 6.  That  as  all  the  blood  which  pafies 
through  the  lungs  muft  enter  the  left 
auricle,  the  latent  heat  of  the  foetal  blood 
in  the  right  fide  muff  exceed  that  of 
the  left. 

17.  That  the  blood  in  the  umbilical 
arteries  which  is  to  receive  the  change, 
being  of  the  fame  quality  with  that  in  the 
left  fide  of  the  heart,  is  an  additional  proof 
that  this  blood  muft  be  black. 

iB.  That  although  the  blood  in  the  foetal 
heart  and  arteries  be  black,  yet,  like  the 
blood  of  the  adult  in  the  right  fide  of  the 
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heart  and  pulmonary  artery,  it  muff  {fill 
poffefs  a portion  of  latent  fire,  which  it 
continues  to  evolve,  to  keep  up  the  tempe- 
rature and  irritability  of  the  parts,  through 
which  it  paffes. 

19.  That  during  the  a£t  of  drowning 
the  animal  emits  air  from  its  lungs,  and 
in  its  attempts  to  infpire,  a fmall  quantity  of 
water  enters  the  lungs  and  ftomach- 

i 

20.  That,  after  the  laft  expiration,  the 
lungs  are  found  nearly  collapfed,  contain- 
ing a fmall  quantity  of  froth,  but  very 
little  air. 

21.  That  the  quantity  of  blood  found 
in  the  right  fide  of  the  heart  is  nearly 
double  that  contained  in  the  left, 

22.  That  the  blood  contained  in  both 

fides 
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fides  of  the  heart  is  of  the  colour  of 
venous  blood. 

22.  That,  whether  the  heart  be  exa- 
mined  during  its  contractions,  or  after  they 
have  ceafed,  no  perceptible  difference  is 
found  in  the  proportions  of  blood  in  the  two 
fides  of  the  heart. 

24.  That  the  aCtion  of  the  heart  furvives 
the  periftaltic  motion  of  the  bowels. 

25.  That  the  veffels  of  the  head  exhibit 
no  extrayafation,  nor  even  diftention. 

26.  That  where  refpiration  is  fufpended, 
from  ordinary  hanging,  the  animal  has  the 
power  of  expelling  air  from  its  lungs. 

27.  That  although  the  mufcles  of 
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expiration  perform  their  office,  no  power 
can  be  applied  to  open  the  trachea  to 
admit  air. 

i i . , , 

28.  That  as  no  air  can  be  received,  the 
animal  dies  with  the  fame  collapfe  of  the 
lungs  from  hanging  as  from  drowning. 

29.  That  the  quantity  of  blood  in  the 
two  fides  of  the  heart  bears  nearly  the  fame 
proportion  in  hanging  as  in  drowning. 

30.  That  there  is  very  little  differ- 
ence  in  the  continuance  of  the  irritability 
of  animals  after  hanging,  from  its  continu- 
ance after  drowning;  but  the  veffels 
of  the  head  are  fomewhat  diftended  in 
the  former. 

31.  That  animals  immerfed  in  impure 

7 air 
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air  do  not  appear  to  make  a full  infpira- 
tion,  but  like  animals  immerfed  in  water 
rejed  it,  as  foon  as  a fenfation  is  produced 
in  the  trachea,  which  feems  to  make 
them  confcious  of  not  breathing  their  ulual 
element. 

32.  That  the  mufcles  of  expiration  con- 
tinue to  ad  till  they  have  expelled  all  the 
air  from  the  lungs,  which  they  have  the 
power  of  ading  on. 

33.  That  the  fame  collapfe  of  the 
lungs  is  produced  from  fuffocation,  as  from 
drowning  or  hanging ; and  the  contents 
of  the  right  fide  of  the  heart  bear  nearly 
the  fame  proportion  to  thofe  of  the  left. 

34.  That  animals  deftroyed  in  impure 

air  are  fooner  deprived  of  their  irritability 

than 
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than  when  refpiration  is  fufpended  from 
drowning  or  hanging. 

O O O 

35.  That  animals  delfroyed  by  nitrous 
air  foon  grow  ft  iff  and  inflexible,  fome- 
times  even  before  the  heart  has  ceafed  to 
vibrate, 

36.  That  the  veffels  of  the  head  contain 
lefs  blood  after  fufifocation  from  impure 
air,  than  after  hanging, 

37.  That  in  fufpended  refpiration  from 
any  caufe,  the  right  fide  of  the  heart  con-* 
tinues  to  a£t  after  the  left  has  ceafed, 

38.  Thatr  the  caufe  of  this  difference 
is  not  that  the  left  fide  of  the  heart  is  in- 
capable of  being  ftimulated  by  black  blood  ; 
but  from  this  blood  being  effentially  dif-. 

ferent 
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ferent  in  quality  and  quantity  from  that  of 
the  right. 

op.  That  this  difference  of  quality  in 
the  blood  of  the  left  fide  of  the  heart 
depends  on  its  having  paffed  through  the 
lungs, 'and  imparted  to  them  a confider- 
able  portion  of  its  heat,  without  receiv- 
ing a fupply  from  refpiratioii ; while  the 
blood  of  the  right  poffeffes  a quantity  of 
fire  in  a latent  form,  which  it  ftill  con- 
tinues to  evolve. 

40.  That  as  the  blood  in  the  right  fide 
of  the  heart  contains  a portion  of  latent 
fire,  while  that  of  the  left  is  exhaufted 
and  as  the  fenfible  heat  both  of  the  right 
auricle  and  ventricle  muff  confequently 
predominate,  its  irritability  of  courfe  will 
likewife  be  greater. 


41.  That 
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41*  That  the  ffmulus  of  diftention  bejn<* 
greater  in  the  one  than  in  the  other,  will 
tend  to  produce  a difference  of  adtion. 

42.  That  as  the  right  fide  of  the  heart 
poffeffes  more  irritability  in  this  difeafe 
than  the  left ; and  as  the  ffimulus  of 
diftention  is  alfo  more  powerful  at  the 
right  fide  than  at  the  left,  its  adtion  will 
be  continued  when  no  effedt  is  produced 
on  the  other. 

1 

43.  That  although  the  heart  may  de- 
rive its  heat  in  health  principally  from  the 
blood  in  the  coronary  veffels ; yet  the 
blood  in  the  cavities  of  the  heart  will  be 
alfo  capable  of  evolving  heat,  and  more 
efpecially  when  ftagnation  takes  place  in 
fufpended  refpiration. 

« 

44.  That  if  the  right  fide  of  the  heart 

poffeffed 
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poffefed  the  blood  of  the  left , and  the  left  the 
blood  of  the  right , the  degree  of  irritability 
would  probably  be  reverfed. 

45.  That  if  the  right  fide  of  the  heart 
in  fufpended  refpiration  had  the  irritability 
of  the  left,  and  the  left  the  irritability  of 
the  right,  a recovery  could  fcarcely  be 
effeded  in  any  infiance, 

46.  That  as  foon  as  the  adion  of  the 
left  fide  of  the  heart  is  increafed  by  the 
fiimulus  of  florid  blood,  the  right  alfo  ads 
more  powerfully. 

47.  That  this  depends  on  the  coronary 
veffels  being  fupplied  with  blood,  that  has 
received  a quantity  of  latent  fire  from  the 
air,  which  thefe  veffels  difiribute  alike  to 
the  right  and  left  fide,  and  confequently 
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give  an  equal  increafe  to  the  irritability 
of  both. 


48.  That  the  heat  and  irritability  of  the 
heart,  being  then  the  fame,  the  famulus 
of  diftention  will  produce  an  equal 
action. 

49.  That  the  heart  can  be  made  to  a& 
after  refpiration  has  ceafed,  from  the  fa- 
mulus of  eledricity,  while  no  aftion  can  be 
excited  in  the  external  parts  from  the  fame 
caufe. 

50.  That  as  ele&ricity  is  capable  of 
producing  adion  in  the  heart,  when  it  has 
no  effeft  on  the  exterior  parts,  and  as  life 
actually  exids  at  this  period;  it  might 
lead  to  mod:  pernicious  confequences  to 
conclude  that  life  was  totally  extinft,  from 

no 
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no  external  action  being  produced  by  elec- 
tricity. 

f 

51.  That  as  the  difference  of  irritability 
ia  animals  of  the  fame  order  depends 
more  on  the  fpecific  date  of  the  folids 
than  on  the  quantity  of  heat  evolved  from 
the  fluids,  no  decifive  prognoftic  can  be 
drawn  of  the  prefence  of  irritability,  from 
the  heat  of  the  animal  being  above  that  of 
the  atmofphere. 

52.  That  as  ele&ricity  has  been  Found 
capable  and  incapable  of  producing  external 
action  during  the  prefence  of  various  de- 
grees of  heat,  it  proves  that  animal  heat 
and  evident  irritability  are  by  no  means 
coequal. 

53.  That  although  no  fpecihc  degree  of 

heat  will  determine  the  prefence  or  abience 

of 
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of  irritability,  yet  the  greater  the  degree 
of  heat,  the  more  will  be  the  irritability 
of  any  particular  animal . 

• i 

54.  That  as  the  heart  is  confidered  as 
the  origin  of  circulation,  there  is  ft  proba- 
bility of  recovery,  fo  long  as  the  heart 
can  be  made  to  aft ; although  external  irri- 
tability may  not  be  manifefted  by  the  teft 
of  eleftricity. 

55.  That  it  will  ever  be  better  to  have 
no  criterion  to  judge  of  the  abfence  of  life, 
and  make  ufe  of  every  means  of  recovery, 
in  every  inftance,  than  to  rely  on  an  im- 
perfect and  hazardous  prognostic. 

56.  That  when  the  lungs  are  inflated 
foon  after  the  laft  expiration,  both  fides  of 
the  heart  will  immediately  aft. 
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x)*j.  That  this  probably  proceeds  from 
the  irritability  of  the  heart  being  ftiii  fo?  v 
great  as  to  be  Simulated  to  action  by  the’ 
mechanical  preffure  of  the  lungs*  as,  in 
proportion  to  their  expanfion',  will  their 
furface  prefs  upon  the  two  fides  of  the 
pericardium* 

58*  That  in  fufpended  refpiration,  from 
drowning,  hanging,  and  fuffocation,  as  the 
collapfe  of  the  lungs  begins*  the  impedi- 
ment to  the  paflage  of  the  blood  through 
them  commences. 

59.  That  when  the  laft  expiration  is 
. made,  the  interior  pulmonary  veflels  arc 

collapfed*  and  contain  but  a fmall  quantity 
of  blood. 

60.  That  if  even  a change  be  produced 
on  the  quality  of  this  blood,  the  quantity 
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is  fo  fmall,  that  unlefs  the  right  fide  of  the 
hear  t be  firft  excited  to  a&ion  the  motion  of 
the  lungs  alone  will  be  unable  to  propel 
this  blood  into  the  left. 

61.  That  by  inflating  the  lungs,  we  can- 
not alter  the  quality  of  the  blood  in  the 
trunks  of  the  pulmonary  veins  and  left 
auricle. 

62.  That  the  right  fide  of  the  heart  can 
propel  blood  to  the  left,  immediately  after 
the  laft  expiration,  independent  of  the 
mechanical  aflion  of  the  lun  gs- 

63.  That  as  the  heart  can  perform  this 
fun&ion  after  refpiration  has  ceafed,  it  is 
probable  that  the  lungs  have  naturally  no 
a&ive  power  of  propelling  the  blood 
onward. 
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64.  That  part  of  the  black  blood  con- 
tained in  the  left  auricle  and  ventricle  in 
this  difeafe,  muft  be  propelled  through  the 
lyftem  unaltered  whenever  a recovery  is 
effected,  and  as  a quantity  of  blood  of  the 
fame  quality  has  already  paffed  into  the 
arterial  fyftem,  it  follows  that  the  left 
auricle  can  and  does  adt  from  the  ftimulus 
of  black  blood. 

65.  That  as  an  animal,  when  immerfed 
in  warm  water,  may  be  drowned  with  its 
blood  fomewhat  florid,  it  neceffarily  fur- 
nifhes  an  objection  to  the  opinion,  that  the 
adlion  of  the  left  heart  ceafes  from  the 
prefence  of  black  blood. 

66.  That  as  in  drowning,  &c.  the  im- 
petus of  blood  to  the  head  is  checked 

\ 

immediately  after  the  obftrudtion  to  its 
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return  takes  place,  no  injury  whatever 
can  happen  to  the  brain. 

67.  That  if  apoplexy  did  aftually  take 
olace,  we  fhould  never  be  able  to  bring 
about  recovery  after  refpiration  had  once 
ceafed,  fince  we  frequently  fail  of  re- 
moving common  apoplexy  during  the  ex- 
igence of  refpiration  ; and  as,  in  drowning, 
&c.  we  find  no  extravafation  in  the  head, 
if  apoplexy  were  to  exift,  it  mud  be 
lolely  attributed  to  the  diftention  of  the 
veffels. 

68.  That  as  mere  diftention  is  capable 
of  bringing  on  only  a very  mild  fpecies  of 
apoplexy,  which  does  not  for  many  hours, 
and  fometimes  for  many  days,  produce  its 
fatal  effect ; and  as,  on  the  contrary, 
apparent  death  from  drowning,  hanging, 

1 and 
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and  fuffocation,  takes  place  in  a few 
minutes;  it  certainly  follows  that  this 
difeafe  and  apoplexy  are  as  effentially  dif- 
ferent as  any  two  difeafes  to  which  the 
human  body  is  expofed. 

69.  That  the  immediate  caufe  of  the 
fufpenfiori  of  circulation  is  not  the  prefence 
of  black  blood  in  the  left  fide  of  the  heart , 
neither  is  it  the  want  of  motion  in  the  lungs  ; 
but  a collapfe  of  the  air  cells  of  the  lungs , 
which  produces  a mechanical  obfruchon  to 
the  pajfage  of  the  blood  in  the  fmall  branches 
of  the  pulmonary  vejfels. 

70.  That  the  proximate  caufe  of  the  dif- 
eafe may  be  faid  to  confift  in  a collapfe  of 
the  lungs,  producing  a collapfe  of  the  pul- 
monary veffels,  with  want  of  latent  heat  in 

the  blood,  lince,  unlefs  both  thefe  ef- 

S 3 feds 
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feds  are  removed,  the  difeafe  will  fUll 
continue. 


yi.  That  the  mechanical  obflrudtion 
from  collapfe  mu  ft  firft  be  removed,  before 
the  chemical  effects  can  take  place. 

72.  That  emetics  in  this  difeafe,  before 
the  circulation  is  re-eftablilhed,  ne  im- 
proper. 

73.  That  even  then  they  fhould  only 
be  exhibited  where  the  ftomach  is  known 
to  have  been  overloaded  previous  to  the 
accident  that  produces  the  difeafe. 

74.  That  all  medicines  introduced  into 
the  ftomach,  produce  a lefs  effedt  after 
refpiration  has  ceafed,  than  during  the 
healthy  adhons  of  the  animal;  and  that, 

in 


3 


( 263  ) 

in  this  difeafe,  it  appears  neceffary  to 
jnje&  fome  warm  cordial,  fuch  as  brandy, 
&c.  into  the  ftomach. 

^5.  That  as  in  fufpended  refpiration, 
from  hanging,  there  is  fome  degree  of 
plethdra  in  the  head  as  well  as  in  the 
right  fide  of  the  heart,  bleeding  will  then 
be  more  frequently  neceffary  than  after 
drowning  and  fuffocation. 

76.  That  the  degree  of  plethora  in  the 
head  will  greatly  depend  on  the  weight  and 
bulk  of  the  fubjett. 

77.  That  as  in  drowning  and  fuffocation 
the  plethoric  ftate  of  the  right  fide  of  the 
heart  cannot  be  relieved  by  bleeding,  this 
operation  fhould  never  be  performed  unlefs 
it  appears  that  there  is  too  much  blood  in 
the  fyffem. 

S 4 
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That  when  bleeding  is  judged  re- 
quifite,  it  fhould  be  performed  on  the  jugu- 
lar veins  in  preference  to  any  other. 

7 9*  That  when  bleeding  is  deemed  ex- 
pedient, it  fhould  be  one  of  the  firft  reme- 
dies employed. 

8o.  That  fhocks  of  electricity  paffed 
through  the  heart,  brain,  and  fpinal 
marrow,  without  the  collapfe  of  the  lungs 
being  at  the  fame  time  removed,  mull  tend 
rather  to  deftroy  than  reftore  the  actions 
’ of  life. 

8r.  That  imitating  natural  refpiration 
•without  frequently  producing  a collapfe 
of  the  lungs  is  improper,  as  the  diften- 
tion  of  the  pulmonary  veffels  occafioned 
by  the  action  of  the  right  fide  of  the  heart 

will 
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will  form  great  obftru&ion  to  the  pafifage 
of  the  blood. 

82.  That  the  uncertainty  of  fbccefs 
which  has  hitherto  attended  the  cafes 
reported  by  the  Humane  Society,  has  pro- 
bably been  in  a great  meafure  oecafioned 
by  the  method  of  uondu&ing  the  artificial 
refpiration. 

83.  That  the  advantages  to  be  derived 
from  artificial  refpiration  are,  to  procure 
a contraction  of  the  right  fide  of  the  heart 
when  the  lungs  are  dilated,  and,  by  col- 
lapfe,  to  excite  the  left  auricle  to  get  rid 
of  a portion  of  its  contents,  and  fupply  it 
with  blood  that  has  received  its  flimulus 
from  the  air. 

84.  That  in  order  thoroughly  to  ac- 

complifa  this  end,  we  are  to  expand  the 

lungs, 
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lungs,  and,  when  expanded,  to  simulate 
the  heart  by  a fmall  fhock  of  elearicity 
we  aie  then  to  collapfe  them,  and  again  to 
inflate. 

1 

85.  That  from  this  mode  of  proceeding, 
if  any  irritability  remain  in  the  heart,  the 
right  auricle  and  ventricle  may  be  Si- 
mulated to  aa,  and  propel  feme  of  its 
blood  into  the  lungs,  where  it  meets  with 
no  obSruaion,  and  air  to  impart  to  the 
blood  its  due  Simulus  and  heat  : the  blood 
thus  duly  changed  may,  by  means  of  the 
expiration,  excite  the  left  auricle  to  get  rid 
of  its  burden,  and  furnifh  a frefh  fupply 
endued  with  a proper  Sim  ulus. 

86.  That  if  no  elearical  apparatus  be  in 
readinefs,  the  method  of  conduaing  arti- 
ficial refpiration  fhould  be  altered. 


87.  That 
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87.  That  the  lungs  fhould  be  diftended, 
and,  after  allowing  afmall  quantity  of  air  to 
efcape,  the  infpiration  fhould  be  repeated  3 
and  this  procefs,  of  fuffering,  after  each 
inflation,  a little  air  to  efcape,  (or,  in 
other  words,  imitating  natural  refpiration,) 
fhould  be  continued  about  a minute,  when 
the  lungs  are  to  be  collapfed ; fo  that  only 
one  complete  expiration  fhould  here  be 
made  to  feveral  infpirations. 

88.  That  the  intention  of  this  practice  is, 
that  as  the  heart  may  poflibly  not  contraft 
more  than  twice  or  thrice  in'  a minute, 

i* 

the  blood  may  And  a free  paflage  whenever 
it  happens  to  act,  and  a frefh  fupply  of 
air  to  produce  the  neceflary  change;  and 
likewife  that  thefe  feveral  infpirations  may 
aft  as  a ftimulus  to  the  heart,  while  the 

. j 

collapfe  helps  to  remove  the  blood  the  lungs 
have  received. 


89.  That 
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89.  That  during  the  whole  procefs  of 
the  treatment  the  lungs  fhould  never  be 
fuffered  to  remain  in  a collapfed  Jlate  for 
a fingle  minute. 

90.  That  electricity  fhould  never  be 
employed  on  any  account  without  a con* 
comitant  expanfion  of  the  lungs. 

91.  That  if  the  heart  be  excited  to  a£l 
during  the  collapfe  of  the  lungs,  very 
little  more  blood  can  pafs  through  them 
than  pafTes  in  the  foetal  circulation,  and  even 
this  fmall  portion  receives  no  benefit  from 
the  air. 

92.  That  the  application  of  warmth 
is  necefTary,  and  that  when  firft  applied 
fhould  be  about  fix  degrees  above  that 
of  the  open  atmofphere,  if  this  be  below 
~o  of  Fahrenheit. 


93.  That 
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q i.  That  we  are  on  no  account,  as 
advifed  by  Dr.  Goodwyn,  to  wait  for  any 
increafe  of  animal  heat  before  the  lungs 

are  inflated. 

94.  That  placing  the  body  on  a mat-, 
trafs  or  bed,  at  a proper  diftance  from 
the  fire,  is  the  beft  mode  of  applying 
warmth  ; as  it  neither  embarrafles  nor  pre- 
vents any  other  procefs  that  may  be  found 
expedient, 

95.  That  the  principal  advantage  to  be 
expeded  from  the  application  of,  warmth 
is,  to  prevent  fo  much  fenfible  heat  being 
evolved  from  the  blood,  and  thus  in  iome 
meafure  fupply  the  defedt  of  latent  heat 
that  fhould  have  been  abforbed  from  the 

air. 

. 96.  That  fridtions  made  ufe  of  as  a 

primary 
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I 

primary  remedy  are  highly  improper,  as 
they  tend  to  deftroy  the  aftion  of  the  heart, 

by  promoting  an  over  diftention  of  the  right 
fide. 

97.  That  frictions  fhould  never  be  em- 
ployed before  the  lungs  have  been  feveral 
times  expanded  and  collapfed. 

98.  That  after  the  heart  has  been  in 
part  emptied,  fri&ions  are  abfolutely  ne- 
ceffary. 

99.  That  a little  common  oil  or  lard, 
as  a medium  for  the  fri&ions,  is  preferable 
to  either  fait  or  fpirits,  or  any  other  Si- 
mulating application. 

100.  That  the  principal  effect  to  be 
expe&ed  from  frictions  is,  their  mecha- 

-J* 
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nical  aftion  in  propelling  blood  towards 
the  right,  fide  of  the  heart. 

1 0 1.  That  tobacco  in  any  form  is  highly 
pernicious  ; and  were  this  medicine  to  pro- 
duce the  fame  baneful  effe&s  in  cafes  where 
refpiration  is  fufpended,  as  in  a {late  of 
health,  it  is  more  than  probable  that  no  one 
could  ever  have  been  recovered  where  this 
remedy  had  been  applied. 

* ' 

102.  That  enemas  of  any  kind  are  only 
to  be  conhdered  ferviceable,  in  as  much 
as  they  co-operate  with  more  important 
remedies ; and,  if  employed  at  all,  warm 
{limulating  ones  fhould  be  preferred. 

103.  That  their  bulk  {hould  be  fmall, 
left  by  their  mechanical  adtion  they  prevent 
the  free  defcent  of  the  diaphragm. 


104.  That 
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104.  That  inflating  the  lungs,  eledlri- 
tying  the  heart,  collapfing  the  lungs,  and 
the  application  of  fri&ions,  are  to  be  con- 
tinued four  hours,  if  our  endeavours  be  not 
previoufly  crowned  with  fuccefs. 

105.  That  electricity  and  frictions  are 
to  be  continued  even  after  refpiration  is  re- 
ftored,  if  the  powers  of  life  feem  unequal 
to  the  talk. 

1 * 

106.  That  the  final  intention  of  the 
whole  plan  of  treatment  is,  to  imitate  the 
natural  circulation . 
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DESCRIPTION  of  the  PLATE. 


Fig.  I. 

A large  (liver  conical  pipe  to  be  intro- 
duced into  the  trachea,  either  by  the 
mouth,  or  by  an  opening  made  in  the 
thyroid  cartilage.  A.  the  inferior  extre- 
mity ; B.  two  lateral  openings  for  the  paf- 
fage  of  the  air  ; c.  the  fuperior  end  of  the 
pipe. 

Fig.  II. 

A fhort  flexible  tube  for  conveying  air 
into  the  lungs,  a.  the  inferior  extremity 
to  be  attached  to  the  fuperior  one  of  the 
filver  pipe ; b.  the  other  extremity  to  be 
conneded  with  the  contrivance  (Fig.  3. 
at  c.)  or  attached  to  Mr.  Field’s  inftru- 
ment  (Fig.  4.  at  e ) 
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Fig.  III. 


• K 


Reprefents  a fhort  conical  brafs  tube  con- 
nected with  a conical  piece  of  leather,  to 
receive  the  nozzle  of  any  pair  of  bellows, 
and  by  means  of  packthread  to  retain  it  in 
its  lituation.  a.  the  brafs;  B.  the  leather 
portion  ; c.  a female  fcrew  to  admit  the 
fuperior  extremity  of  the  flexible  tube. 


Fig.  IV. 

Mr.  Field’s  inftrument  for  inflating  and 
collapfing  the  lungs,  a.  is  a conical  lea- 
ther tube  to  be  attached  to  any  pair  of 
bellows ; bb.  is  a brafs  tube  ; c.  is  a hop- 
per to  the  cock,  in  which  there  are  two 
valves  opening  in  contrary  directions  ; d.  is 
an  aperture  through  which  all  the  air  is  to 
pafs  to  and  from  the  bellows,  (the  valve  of 
bellows  being  previoufly  clofed  by  an- 
other 
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other  instrument  reprefented  in  the  next 
figure)  ; e.  the  inferior  extremity  of  the 
brafs  tube  to  be  connected  with  the  fupe- 
rior  end  of  the  flexible  tube  (at  B.).  When 
the  flopper  Sands  as  is  here  reprefented 
with  I (fignifying  Inflation)  pointing  to 
the  inferior  extremity  of  the  tube,  the 
lungs  will  be  expanded;  and  when  the 
Sopper  is  turned  half  round,  fo  that  C 
(meaning  Collapfe)  will  be  placed  in  the 
fame  direction,  the  lungs  will  be  exhauSed. 

In  the  one  inSance,  by  the  adlion  of  the 
bellows,  air  is  received  at  the  aperture  d, 
and  thrown  into  the  lungs,  but  pre- 
vented from  regurgitating  on  account  of 
the  valve:  in  the  other,  air  will  be  received 
from  the  lungs  . into  the  bellows,  and 
thrown  out  at  the  aperture  d. 

Fig. 
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Fig.  V. 

Is  the  invention  for  doling  the  valve  of 
any  bellows,  a a.  is  a piece  of  iron  to  be 
inferted  into  the  valve-hole  of  any  bellows, 
which,  being  placed  acrofs,  prevents  its 
being  drawn  out  ; b.  is  a pivot  on  which 
the  iron  part  c c.  turns ; d d.  is  a circular 
flat  piece  of  wood  (lined  with  leather) 
to  cover  the  valve- hole,  with  an  aperture 
in  its  centre,  to  admit  the  iron  c c.  through 
it ; e e.  is  a brafs  nut  which  is  made  to 
fcrew  on  the  iron  c c.  to  retain  the  piece 
of  wood  in  its  fituation. 

Fig.  VI. 

A flexible  tube  (of  the  fame  compo- 
fition  as  flexible  catheters)  to  be  intro- 
duced into  the  oefophagus,  for  conveying 
fpirits,  &c.  into  the  flomach.  a.  the 
bulb  and  inferior  extremity  ; b.  the  fupe- 
rior;  c c.  is  a conical  piece  of  ivory,  to  be 

palled 
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pafled  a (mall  way  down  the  cefophagus  by 
the  forefinger,  to  prevent  air  eicaping  into 
the  ftomach,  and  as  a guide  for  the  intro- 
duction of  the  filver  pipe  into  the  glottis, 
when  bronchotomy  has  not  been  performed. 

Fig.  VII. 

Is  a vegetable  bottle  for  injecting  fluids 
into  the  ftomach  through  the  flexible  tube. 
A.  the  mouth  of  the  bottle  to  be  at- 
tached to- the  extremity  of  the  flexible  tube 
at  b. 


THE  END. 


T.  Benfley,  Printer,  Bolt-court,  Fieet-ftreet, 
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